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INTRODUCT LON

Collisiony between birds and alveraft have becoma one of the major itight
safety problems of the jet agpe. The moat cericteal need for bicd impact
rosfatonce desigu  lmprovement {is (o wmilitarvy alreraft, Many high speed
atraeraft Lo USAY inventory were not designed to weet today's bhird lwpact
requirements becanse the theeat {n terms of lost alrevaft and alrverews was not
fully appreciated at the design atage.

A comprehensglve review of analytically and empirvically developed praedic-
tive techniques for bird impact structural pecvformance has not vevealed a
simple approach, that {s, gimple to use on short uotice ov that requlres a
minimum of faput Loformation, nor one that {s unlversally avallable and uani-
ver- nlly accepted.

The staclstical model for evaluating the blrdstrike threat to alrcrvaft
transparencies s based on two components: (1) the operatlonal Lmpact vate
for a speclfic usage profile; and (2) the prebabllity that a raudom blvdstrike
will nccur with sufficient kinetic encvgy to cause penctration Into the alr-
craft cockpit, This model is based on mechods formulated by Dr John Halpln In
evaluating the birdstrike thyeat on the F-16 canopy and Dr Allan Bevens' model
1n evalwating the T-38 c¢rew enclosure gystem,

This statistical simulation combines the veclocity distribution of the
atvcraft, the bird welght distribution, and the capabllity of the crew enclos-
ure expreassed in terms of kinetic energy. The above distributtons weve devel-
oped for the F-15 Present Fleet, Rapid Deployment Force aud Dual Role Fighter,

.

Ly L1 PR, P Y I RIS G U S P LR o ey e | N LIS KO ) s - s 4. -
Thicii, au asséssment was aade o deteming tha nunbov ¢f bivd pengtrations that
r

can be expected on the windshield and canopy over a realistic usage protfile.

The approach presented in this report is quite stmple to use, since
computer programs were genevated to veduce the tedious calculations to a wminl-
mum. The use of these methods will allow an engineer to make a fairly quick
assessnent 1n regard to the adequacy/inadequacy of a crew enclosure system
bird resiscance capability.

i

w2t 4




'''''''''''''''''

OPERATIONAL IMPACT RATE

As an alrcraft flies through a bird threat enviromment, usually 0 - 5000
ft AGL, it sweeps out a volume which 1s a function of the crew enclosure frou-
tal projected area, time and aircraft veloecity in the bird threat enviroament,
Therefore, 1t can be concluded that:

VOLUME = YELOCITY X AREA X TIME (1)

This volume per unit time that 1s swept out {is projected through the bhird
threat environment with a given bird density p . The product of the volume
per unit time and bird density 1s the Operational Impact Rate (OIR) on the
crew euclosure (Figure 1)

OIR = 7T XA X Ts Xp (2)
vhere

OIR = operational impact rate
v = aircraft mean true velocity
A = windshield or canopy frontal projected area
Ts = time ia bird threat enviroament

total flight time
p = bird density in environment

A ratio can be developed between any two aircraft if one knows the operational
impact rate of one of the aircraft:

Vo X Ay X Tsp X p2
V] XA X Tsp X p) (3

OIRy = OIR} X

The mean velocities, subsystem frontal areas and proportions of time are
directly measurable and can be calculated with a moderate amount of effort.
However, bird density 1is not directly measuratle, and if one tries to deter-
mine the bird density analytically, such a density may be biased by huge popuv~
lations of small birds such as robins and blackbirds, which have frequeantly
impacted aircraft. Another approach would bLe to assume that the two alrcraft
fly in approximately the same environments and therefore experience the same
bird densities. This would cancel out the two densities and 1leave the
equation as:

Vé X Ay X Ts»p
V] X A X T8y (4)

OIR, = OIR; X

Caution needs to be used in this type of approximation, (assuming equal bird
densities) since evaluation of existing bird impact data for the F-4 and F-11!
fobtained from the Bird Aircraft Strike Hazard (BASH) TEAM at Tyndall AFB)
revealed a significant difference in the predicted operational impact rates.
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Using the known OLR for the P-4, the P-11l predicted OIR was high by approxi-
mately a factor of two. Reversing the simulation showed the F-4 predicted OIR
to be low by approximately a factor of two. A realistic consideration of this
disparity is quite logical, since each aircraft does not fly at the same exact
locations of the world and. therefore does not encounter the same bhird den-
sities. Any extrapolation between any two unique aircraft that are not based
at the same locations will exhibit this phenomenon. and some sort of correc-
tion factor needs to be used.

In the analysis of the F-15 present fleet, Rapid Deployment Force (RPD)
and Dual Role Fighter (DRF), the bird densities were assumed constant since
the RPD and DRF are expected to fly at the same bases from which the histori-
cal OIR was obtained.

FOR EXAMPLE: Windshield, Europe | I
v X Ts -~ X A
DRF DRF DRF
OIR = OIR X — Europe
DRF Present V. X Ts X A
Europe Fleet Present Present Present
Europe Fleet Fleet Fleet
Europe

Table 1 summarizes the hiastorical operational impact rates for the present
fleet based on the time frame of April 1976 - 1 May 1983, Table 2 summarizes
the flight hours flown by each P-15 using command. Conus flight hours 1s a
summation of TAC, Systems, and Logistic Commands usage., Alaskan Command and
PACAF were not analyzed since to date their cnerational impact rate on the
windshield and canopy is zero, and their hourly usage was minimal compared to
the usage in Conus and Europe (USAFE)., Finally, Eqn. (5) is used with the
appropriate inputs from Table 3 to detetmine the predicted OIR for the RPD and
DRF for each of the following:

(A) Conus and Europe
(B) Air to Air and Alr to Ground missions
(C) Windshield and Canqpy
(D) Tg variable from 0 - .9
Example Application of Eqn (5)

For P-15 DRF, Windshield, Europe, A/G Mission Assume DRF tg = .7

OIR 445,91 .70 602.5
DRF = 21,97/106 HRS X X X e— X 1
EUROPE/ 106 HRS 279.24 «2307 602.5

OIR
DRF = 106.45 IMPACTS

EUROPE/106 HRS
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F-15 PRESENT FLEET

ARE 41 NDHSLELD = 602.5 INZ
AREAGCANOPY = 280,0 INZ
* VAIR TO AIR = 279,24 Knots (CONUS & Europe)
. ts CoONUS = ,1198 based on historical data
ts EUROPE = ,2307 based on historical data

F-15 RAPID DEPLOYMENT FORCE (RPD)

602.5 IN2

AREAYTNDSHIELP -
AREACANOPY = 280.0 IN2
VAIR TO AIR = 279.24 Knots (CONUS & Europe)

VA[R TO GROUND . 427.90 Knots (CONUS & Europe)

ts CONUS AND EUROPE Varies 0 - .9

F-15 DUAL ROLE FIGHTER (DRF)

AREARTNDSHIELD = 602,5 INZ
AREAcANOPY = 474.5 INZ
: VAIR TO AIR = 279.24 Knots ?ﬁbdys & Europe)

VAIR TO GROUND 445,91 Knots (CONUS & Europe)

: ts CONUS AND EUROPE Varies 0 — .9

TABLE 3 INPUT VARIABLES FOR EQN (5) OIR EXTRAPOLATION
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Evaluation of Table | reveals a disparity for the Canopy and Windshield
OLRs between Conus and Europe. Since the canopy has a lower projected frontal
avea from the windshield, it would be expected that the OIR on the canopy in
Europe would be lower than the windshield OIR, however, this {is not the case.
Table -4.0-4.5 summarizes the bird impacts for the F-15, F-4 and F-1l1 by ecach
theatre Conus/Europe and each component windshield/canopy. For Europe, from
Table 4.1, 4.3, 4.5 the results are as follows:

F-15 F-4 F-111
Windshield 3 38 20
Canopy 7 60 15

A possible explanation of this disparity is that a pressure wave is created by
the aircraft radome in flight, with a component in the vertical direction
strong enough to displice an oncoming bird over: the windshield arch and hit
the canopy. The pressure force would not be strong enough to displace a 4 1b
bird, but it may be sufficient to displace a .1 % .3 1lb bird. From Figure 5
(page 37) and 6 (page 51) bird weight distributions, the bird weight range
0 - .3 1lbs, represents 35X of the bird population‘in Conus and 58% in Europe.

The above theory holds a great deal of logical sense, but it is only a
crude ratiomnalization of the results and it fails for the F-111. An in-depth

~analysis 1s necessary to verify this phenomenon with speclal consideration in

the area of aerodynamic effects over the radome of ez:h of the above aircraft,
as well as geometrical similarity. For example, the F-15 and F-4 have basi-
cally geometrically similar windshields and canoples but the F-111 does not.
It is felt that for the F-111 canopy the pressure wave effects are consider-
ably different than the F-15 and F-4, since the F-1lll1 is a side-by-side seat-
ing aircraft. Based on the above the theory would hold in Europe for the F-4

~and F-15, but not for the F-l1l.
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F-15 CONUS

ON CANOPY ON WINDSHIELD
STRIKE DATE BASE STRIKE DATE BASE

78/ 04 Langley 78/09 Unknown

80/02 Langley 79/01 Robins
79/08 Holloman
79/12 Holloman
80/02 George
80/07 Langley
81/07 Langley
81/07 Langley
81/11 Langley
82/05 Langley
82/07 Langley
83/03 Holloman
83/04 Luke
83/05 Luke

Time Frame = April 1976-May 1983
Hours Flown = 473,008
Total = 2 on Canopy

14 on Windshield

Data from BASH team computer files, Tyndall AFB

TABLE 4.0 BIRD STRIKES ON CANOPY AND WINDSHIELD




F-15 EUROPE

ON CANOPY ON WINDSHIELD
STRIKE DATE BASE STRIKE DATE BASE

» 78/06 Bitburg 78/67 Bitburg
! 79/09 Alconbury 81/05 Camp New Amsterdam

80/04 Camp New Amsterdam 81/07 Camp New Amsterdam

80/08 Camp New Amsterdam

82/08 Spangdahlem

82/08 Bitburg

81/09 Camp New Amsterdam
§ e e
l » g

3

i Time Frame = April 1976~May 1983

Hours Flown = 136,576
Total = 7 on Canopy
3 on Windshield

LR

Data from BASH team computer files, Tyndall AFB

Vo HEEE e

TABLE 4.1 BIRD STRIKES ON CANOPY AND WINDSHIELD
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F-111 CONUS

ON CANOPY ON WINDSHINLD
STRIKE DATE BASE STRIKE DATA " BASE
15/07 Cannon 75/04 Nellis
79/09 Nellis 75/04 Cannon
75710 Mt Home 76/06 Mt Home
76/08 Mt Home 78/02 Cannon
78706 Mt Home 78/07 Unknown
78/06 Unknown 78/09 Unknown
78/10 Unknown 79/08 Unknown
78/10 Unknown 79/08 Unknown
78/10 Unknown 79/08 Unknown
79/04 Cannon 79/08 Unknown

79/07 Unknown ' 79/10 Unknown

79/10 Unknown 79/10 Unknown

79/11 Unknown 79/11 Unknown
79/12 Unknown 82/06 Mt Home
82/09 Mt Home
82/09 Mt Home
Time Frame = Jan 1975-Nov 1982
Hours Flown = Unknown
Total = 14 on Canopy
16 on Windshield

Data from BASH team computer files, Tyndall AFB

TABLE 4.2 BIRD STRIKES ON CANOPY AND WINDSHIELD




F-111 EUROPE
ON CANOPY ON WINDSHIELD
STRIKE DATHE BASYE STRIKE DATE BASE

78/07 Unknown 75711 Upper Heyford

78/09 Unknown 77/10 Upper Heyford

79/08 Unknown 78/08 Lakenheath

79/10 Unknown 78/08 Upper Heyford

80/07 Upper Heyford 78/09 Lakenheath

80/09 Upper Heyford 78/09 Unknown
E 81/10 Lakenheath 78/09 Unknown
; 82/04 Incirlik 78710 Unknown
E 82/04 Inciriik . 79/06 Unknown
E 82/11 Inciriik 80/10 Lakenheath
; 82/09 Upper Heyford 80/10 Upper Heyford
E 82/10 Upper Heyford 80/12 Upper Heyford
E 82/10 Upper Heyford 81701 Upper Heyford
5 82/10 Upper Heyford 81/02 Upper Heyford
! 82/11 Upper Heyford 81/03 Incirlik
? 81/06 Lakenheath
Z 81/09 Upper Heyford
? 81/10 Unknown
. 82/06 Lakenheath
i 82/07 Upper Heyford
% Time Frame = Jan 1975~Nov 1982
~ Hours Flown = Unknown
o Total = 15 on Canopy
5 20 on Windshield
E Data from BASH team computer files, Tyndall AFB
.5 TABLE 4,3 BIRD STRIKES ON CANOPY AND WINDSHIELD .
: :
N 1
2 12 4




F=4 CONUS

ON CANOPY ON WINDSHLELD
STRIKE DATE BASE STRIKE DATE BASE .
17/01 Boise (Gowen F1d) ID 75/08 tol Loman . .
18/04 lincoln MAP NE 171/01 Berggstrom
78/05 Unknown 77/03 Shaw -]
79/09 Unknown 77/06 Shaw
19/04 Unknown 77/07 Birmingham Muni S
19/04 Moody 718/02 Shaw
79/04 Unknown 78/04 Seymour Johnson R
, 79/04 Unknown 78/05 Unknown PY
719/04 Unknown 78/05 Unknown .
719/05 Mood 78/06 George .
19/06 Unknown 78/07 Duluth TAP MN J
79/07 Unknown 78/08 Moody :
19/07 Unknown 78/08 Unknown 4
79/09 Unknown 78/09 Unknown "
79/12 Unknown 78/10 Unknown N,
80/01 Unknown 78/11 Unknown Py
80/10 Duluth TIAP MN 78/11 Unknown \
§1/09 Machill 78/11 Moody C
81/01 Lincoln MAP NE 78/11 Homes tead X
82/07 George 79/03 orge )
82/05 Shaw 79/05 llomestead
82/06 Birmingham Muni 79/06 Unknown
82/06 Hulman Fileld IN 79/07 Unknown .
82/11 Standiford Field KY 79/09 Luke 'Y
82/10 George 79/09 Unknown L
79/10 Duluth AP MN -
79/10Q Key Field MS o)
79/10 Unknown S
79/11 Homes tead .
79/11 Shaw -
79/12 Moody —eeeerei g
80/03 llomes tead » ]
80/04 Bergstrom i
80/07 Duluth IAP MN )
80/09 George ~
80/11 Seymour Johnson T ]
80/12 Se{'mour Johngon s
81/05 vbiM ey
81/06 Machill .
81/07 Bergstrom )
81/09 - George o
81/10 Kelly :
82/06 Se{mour Johnson
82/08 Duluth YTAP MN
82/10 Edwards
82/11 Seymour .Johuson
82/10 Seymour Johnson :
82/11 Seymour Johnson »
Time Frame = Jan 1975-Jul 1982 e
Hours Flown = Unknown
Total = 25 on Canop?' <
48 on Windshield :
®
Data from BASH team computer files, Tyndall AFB W

TABLE 4.4 BIRD STRIKES ON CANOPY AND WINGSHTIERLD ®
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F-4 EUROPE

ON CANOPY ON WINDSHIELD

STRIKE DATE BASE STRIKE DATE BASKE .
75/03 Bitburg 75/09 Torrejon Sk
76/04 Alconbury 78/02 Bentwaters —
78/03 Bitbury 78/03 Bentwaters
78/07 Aviano 78/06 Unknown
78708 Torrejon 18/07 Halin
78/09 Unknown 78/07 Unknown
78/09 Unknown 78/08 Unknown 3
78/10 Unknown 78/09 Hahn g
78/10 Unknown 78/09 Unknown :
78/10 Unknown 78/09 Unknown
78/12 Zweibrucken 79/06 Unknown .2
79/01 Hahn 719/06 Unknown B
79/03 Unknown 79/06 Unknown T
79/06 Unknown 79/07 Unknown
79/06 Spangdahlem 79/10 Hahin
79/07 Unknown 80/07 Torrejon k
79/09 Unknowa 80/08 Torrejon
80/01 Unknown 80/08 Spangdahlem
80/02 Unknown 85/10 Incivlik B
80/03 Unknown 80/11 Incirlik
80/05 Torrejon 81/03 Alconbury TN
80/07 Zweibrucken 81/03 Ramstein e
80/07 Zweibrucken 81/05 Spangdahlem .
80/08 Zaragoza 81/06 Ramsteln -
80/09 Ineirlik 81/06 Tnetlrlik .
80/09 Ramstein 81/07 Spangdahlen -
80/09 Zaragoza 81/07 Spangdahlen BN
80/09 Hahn 81/07 Hahn -
80/09 Hahn 81/09 Tarve jon
80/09 Zweibrucken 81/09 Inclrtik
80/09 Ramstein 81/10 Zweibrucken
80/10 Zweibrucken 82/09 Ramsteln
80/10 Incirlik 82/07 Zwelbrucken
80/10 Zaragoza 82/09 Zwelbrucken K
80/10 Zweibrucxen 82/07 Torvejon R
80/11 Ramstedn 82/08 Tortrejon o
81/03 Incirlik 82/10 Torrejon e
81/03 Incirlik
81/03 Incirlik
81/03 Rams tein
81/04 Incirlik
81/05 Incirlik
81/05 Hahn
81/07 Spangdahlem

TABLE 4,5 BIRD STRIKES ON CANOPY AND WINDSHIELD DA N

14
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TABLE 4.5 F=4 BUROPrYE (Cont'd)
81/08 Tovrrejon
81/08 Alconbury
81/09 Spangdahtem )
81/10 Inci rlik
82/04 Incirlik
82/05 Zaragoza
82/05 Incivlik
, 82/05 Spangdahlem S
82/06 Ineirlik )
82/06 Incirlik
82/06 Inelrifk .
82/09 Rams tein
82/07 Zwelbrucken
82/G7 Torrejon -
82/07 Torrcjon ) 3
82/C8 Torrejon o
Time Frame = Jan 1975-Jul 1982 )
Hours Flown = Unknown
Total = 60 oun Canopy
38 on Windshield
Data from BASH team computer filas, Tyndall AFB R
)
|
)
! .
o o,
)
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Cumulative Probability Distributions

Additional inputs 1into the model include velocity, bird weight and crew
enclosure strength cumulative distributiosns.

This model assumes that the velocity and bird weight distributions for the
majority of the data can be modeled by a Weibull cumulative probability
distribution.

The functional form of the cumulative Weibull distribution 1s given by:

-y o,
F(V) =1 - exp | - (6)
B

Where :
F(V) = cumulative velocity probtability distribution

{ = velocity

8 = characteristic paramter, represents the 63 percentile point of the
population sample

o = shape parawmeter

Y = minimem life parameter, ia this analysis it 1is used only as 2
corraction factor for the Weibull distribution

If portions of the data population do not fit a Weibull distribution, an
approximation can be usad by the following equation

F(V)poral = F(V), +F(V)y + ... FVy (7)

Equation 7 sums each cumulative distribution to get a total of 1. 1In this
report, F(V)ro¢a] represents a cumulative probability distribution function
which is a mixture of Weibull distributions and distributions that are defined
by sixth or first order equations, depending on which data population is being
analyzed.

The mean values may be obtalned by taking the first derivative of ecach
individual cummulative distribution, and applying the following formula

vy = va £(V); dv (8)
A
Where :
v = veloclzv
f(Vy = first derivative of F(V)) probability distribution




VTotal "VI + Vz + v:; + e ¢ = (9)

B c D
Vooral | ® Afo<V)1 av + BIVf(V)2 dv +chf(V)3 av + . . . (10)

Before a cumulative distribution can be assigned to a given set of data,
it 1is mnecessary to reduce the data in a statistical manner., This can be
accomplished by the following eqn.

RELATIVE FREQUENCY = ‘lf?‘ (11)
where

f = frequency of occurrence

N = total number of occurrences

Eqn, 11 suggests that one can assoclate with a given event a number, say
p, that 1s equal ov approximately equal to that number about which the rela-
tive frequency seems to stabilize. The number p, associated with a given
event 1s usually called a probability. Therefore

p = PROBABILITY = RELATIVE FREQUENCY = _.fr (12)

Once a given set of data is reduced to a probability form, it is arranged
in increasing order to obtain a cumulative probability distribution. To this
data, a known cumulative distribution function 1s fitted. This is done since
the statistically reduced data sample contains some level of Inaccuracy. The
level of inaccuracy is a function of the source and the amouat of data. For
example, structural recorder data is more realistic and accurate in analyzing

the F-15 Air to Air mission than obtaining information from a structural loads
report.

A theoretical cumulative distribution such as the Weibull, Gama, Beta or
dozens of others, which can be obtained from texthooks are exact, meaning they
satisfy all axioms of probability. If a set of data fits any theoretical
distribution exactly, the error in that data sample is zero. This occurrence
is quite remote due to the inaccuracy in data measuring equipment. Therefore,
the data 1is fitted with a known cumulative distribution, hecause such a

distribution is more exact and represents actual aircraft usage more realisti-
cally for a particular mission profile.

This analysis uses primarily the Weibull cumulative probability distribu-
tion since this distribution was used exclusively by Dr Halpin and Dr Berens
in their work in evaluating the F-16 and T-38 crew enclosure bird impact
resistance capabilities. lHowever, one should note that other known cumulative
probability distributions could have been used and pcssibly provided a better
fit to any one of the data samples 1in this report,

iz



VELOCLITY DISTRIBUTION FOR F-15 PRESEN:s FLEET

For the present fleet alr to alr mission, the velocity distribution was AR

derived from structural recorder data from Kadena, Hollouman, and Bitburg for a : . .

total of 347.5 flight hours. This data was obtained from McDonnell Douglas T

and reduced for an altitude range of 0 - 5000 ft AGL. Table 5.0 summarizes

the present usage of the F-15 fleet. T
Eqn 12 was then used to get the initial probabilities in the altitude . PEPER:

range 0 - 5000 ft (Third Column, Table 4.1) ’
Where

f = # seconds for specific airspeed range

—~ a2

N = total seconds (490,981.8) ._‘

From this data, a cumulative probability was obtained (Fourth Column, Table
5.1 This data was then plotted on linear graph paper and fitted with a R
Weibull cumulative probability distribution, N
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To determine the fnitial parameters for the Weibull distribution, eqn (6),
a U vs W transformation was used., This allowed for an initial estimate of the
Weibull parameters, o, and B, 'I'hel_ transformation was developed as follows:

vV -Y
F(V) = 1 - exp - —é_:‘;’

s 1 - F(V) = exp <B- Y)
vV -
1n (1-F(V
n (1-F(V)) = e
Q

-1n (1-F(V)) =

-y
vV -y
aln W = In [— 1n (1-F(V))]
aln (V =y) - oln @=Y) = 1n [— 1n (l-F(V))]
But the equatlon of a straight line 1is

u=mw +b

where m 1s the slope of the line
. b is the u intercept when W = 0

let W

In (V -Y)

1n [-ln (l—F(V)):[ .

. and u

Therefore;

u=|m!W+ b
u =g | W -oaln( B~-y) (13)

) where o 1s the slope
- and -qo lon (B-y) is the u intercept when W = 0

* Any Weibull function in a u vs W domain is a straight line.

Table 5.2 1lists the results of the u vs W transformation where the nominal

velocities were input for V, and cumulative probabiiities, from columm 3, were
X input for F(V). These values were then plotted in the u vs W domain, (Fig 2)
and a straight line was drawn through the most significant points that repre-
sented individual probabilities, from eqn 12, of greater than .05. From this
straight line the parameters were derived as follows:
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o = slope of line = 2,81
from graph, u = ~15,7002 when W = 0
Y = 40 established prior to u vs W transformation
Then .
~15.7002 = 2,81(0) ~2.81 1n ( B -40)

B = 307

. V~40 2.81 for 200 < V < 720
Wy =1 -exe ) o 55775 -

The correction factor (v ) in the u vs W domain stralghtens the data SRR
somewhat to represent a straight 1line. The wvalue for Y was determined by e
trial and error, as Yy was incremented from 0 -~ 140, and then finally chosen as SN
40, since it provided the best fit to the data sample.

The above Weibull distribution fitted the data sample exceptionally well po
from 200 to 720 knots, but was unrealistic below 200 knots. Therefore, the
range 110 - 200 was fitted with a sixth order equation, IR

This distribution was developed by approximating that range by a
realigtic distribution and intersecting the Weibull at the most common point,
which for this case was 200 knots. Then from this distribution, a sixth order
least squares fit was accomplished, and the equation checked to insure that
the distribution for the specified range was in fact: a probabilicy digtribu-
tion. The following equation was developed:

~5.793168 + 2,49687 X 1071 v - 4.296046 X 1073v2
F(V) ={+3.774985 X 10~5vy3 ~1.792476 X 10-7v4 for 116 < V < 200
+ 4.396387 X 10~10y5 -4,371459 x 10-13v6 e

Figure 3 summarizes the F-15 present fleet velocity profile in the altitude
range of 0 - 5000 ft AGL.
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The mean velocity was obtained by applying eqn 9 and 10. By using a
numerical integration subroutine ou an HP-15C, the mean velocity for the F-15
prasent fleet was determined to be 279.24 knots.

The proportion of time (tg) in the raunge of 0 - 5000 ft AGL for CONUS was
obtained from McDonnell Douglas structural loads rceport (MDC A5318) for all
missions other than air to ground. The tg was determined to be .1198, hased
on mission mix as specified on pg 3.2.2.1 of the above report. The reason for
not using the Holloman tgy was that it was unrealistic and it contradicted a
data sample from Langley. The tg for Holloman was approximately .04 and

Langley, .l4. Therefore, as a last resort, the structural loads report was
used,

Bitburg data was used to determine the tg for Europe. From Bitburg data
for Europe, the tg was evaluated to be ,2307. This represented a realistic
value since historically the F-15 fleet has spent considerably more time in

Europe batween 0 - 5000 ft, and another source of data wmatched the above tg
within .01 (12),

An assumption was made that the velocity profile for the present fleet, in
the range of 0 - 5000 ft AGL, was the same between CONUS and Europe. This was
done considering that the mean velocity would not increase or decrease by more

than 10 knots. Such a change in this analysis represents insignificant
changes 1n final results,
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F~15 RAPID DEPLOYMENT FORCE (RPD) VELOCI'TY DISTRIBUTION

For the ¥-15 RPD, the air to ground velocity profile was derived from
Mchonnell Douglas structural load report (MDC A5318). This data was used
gsince the F=15 does not fly an alr to ground mission at this time. The above
report, although not labeled F-15 RPD, is representative of the RPD, since the
RPD will be the basilc F-15C aircraft with provisious for conformal fuel tanks
and a requirement for an air to ground mission (based on conversatlons with
Mchonnell Douglas).

Table 6.0-6,3 sumnarizes the Air to Ground wissions for the F-15 RPD.
Similar methods were used to reduce the data as 1in the previous section;
however, some reorganization of data was necessary to fit the data with a
Wiebull curve. For example, 1if a data point was reduced to be at 443 knots,
then this point was assigned to a velocity raange of 410 - 460 knots and for
Weibull fitting purposes the nominal point between 410 - 460 was used. This
approach allowed for some inaccuracy in the source of data. To these bhound-
aries, the Weibull distribution could have been fitted, iterating as necessary
to lnsure most important points are intersected or very closely approached.
Important points for this case are defined as points for which eqn 12 shows
values of .15 or greater (this value can be established by using one's jJudg-
ment),

[
- o '
e g gl el m

Figure 4 summarizes the F-15 RPD velocity profile for an altitude range of T

0 - 5000 frv AGL. An assumption was made that the same velocity profile is )
. flown between CONUS and Europe. - Further, it was assumed that for 0 - 5000 ft <

AGL, the F-15 RPD will fly the same air to alr velocity profile in CONUS and RS
Eurcpe as the present fleet (Fig 3). Same rationale as previous section. N
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F-15 DUAL ROLE FIGHTER VELOCiTY DISTRIBUTION

The F-15 Dual Role Fighter (DRF), air to ground (0 - 500 ft AGL) velocity
profile was derived from McDonnell Douglas' Structural Design Criteria,
Memorandum 199-DRF-169. This report was used, since it was the best source of
this type of information for the DRF.

Mission mix was obtained from the same report and 1is summarized as
follows: ’

F-15 DRF MISSION MIX

AIR-TO-AIR 20% A/Al 2.5%
: A/A2 2.5%

A/A3 15.0%

AIR-TO-GROUND 715% A/Gl 10.0%
A/G2 10.0%

A/G3 55.0%

NON~TACT ICAL 5% N/T1 2.5%
N/T2 2.5%

NOTE (A) Based on a 4000 hour aircraft lifetime
(B) All percentages are percent of total missions

Table 7.0 - 7.2 iists each air to ground mission. In data reduction, only
flight in the altitude range of 0 - 5000 ft 1is considered. A ratio 1s used
for climbs and descents up to 5000 ft, Same methods were used as in the pre-
vious sections to fit the data with a Weibull and sixth order distribution.

Figure 5 sumnmarizes the F-15 DRF velocity profile for an altitude raunge of
0 - 5000 ft AGL. Similarly as for the F-15 RPD, it was assumed that the DRF
will fly the same velocity profile (0 - 5000 ft) between CONUS and Europe.
The DRF air to alr velocity profile (0 - 5000 ft) was assumed to be equivalent

to the F-15 present fleet between CONUS and Europe. Same rationale as pre-
vious sectlions.
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BIRD WEIGHT DISTRIBUTLONS

Bird weight distributions for CONUS and BEurope were derived from F-15, F-4
and F-111, (as well as other USAF inventory aircraft, Table 8.0) bird impacts
which were ideuntified by specles and weight. The above data was obtained from
Lt Will (AV 970-6243), BASH Team, Tyndall AFB.

The bird impact data is summarized in Tables 8.0 - 8.6. Table 8.0 lists a
composite of geveral aircraft bird impacts which were identified by the
Smithsonium Institute. Some identifiled bird weights are exact and Some are
averaged. F-15, F-4, and F-111 impacts were extracted from the log book data
and listed in Table 8.1 - 8.6 with remaining computer file bird impacts. All
bird impacts are impacts that have bheen reported anywhere on the afrcraft. A
bird impacting a wing or engine could have just as well hit the windshield or
canopy. The data from couputer files was identified by bird type, then
Reference 3-5 was used to associate a bird type with a bird weight. Refereunce
3 was considered to be the most exact source of information, then reference 4
and finally Reference 5 as a last resort.

Based on Tables 8.0 - 8,6 for CONUS and Burope, the data was reduced using
eqn 12 and then fitted with a Weibull distribution or a mixture of distribu-
tions. Figures 6 and 7 summarize the results with appropriate equations
defining each distribution, as well as the mean bird weights.

38




=g Y ig TRV i
s et T

L Bt A
LN R

~y

4

A%,

SGT &°%

20 61 - 20 67°1
5GT ¢°¢

sqT €2°1

z0

v
.

sq1
z0

2]
o]
L]
NN
o O W\
L]

Z0 ¢°7 - 20

N N
o~
.

N
o
[T
O~
*
-t N e P P P A N AN A RN T e o el N

20 G°1 - 20

Z0 §°¢

s}
~
.

U]
0
[
[Tal

.

20 06°T - GCT°1

IHOTaM ad1d

ANIVIS QAIg NI QIATOANI SQUIF QFATITINICI

2an3ny YOBTY

¥ae] pauloy

AaeH PBITEL Py
300)

299PTTTA

aan3np Lejang
12189 °2111®)
PITqyOeTg PaBuTm PIY
2an3Iny JoeTd

33Tag peleoly] °3THM
MARTMOPEI| UIBISIM
Raeq pauloy

uTgoy

3ae7] pauvIoy

J2a014 puetdp

a13eg uapyon
Sujitaapueg

¥ae] mopedy uUlslsey
%MeH paTYel P9y
PITg 23€37114 09V13IuUBey
jmey peTTel PIY
jae PauIoH

23n31Iny NoeIg
21n3Tn) Noeld
2an3TnA Ladjany

3de] PouIoH

jmMeH pe1Te] PaY
ueoiTed 23TYM

$TAI 23TFYM

aanyTnp Lejang

jmeH PPIFEl P3Y
31B7] POUIOH

adil GdId

SNANOD JAVIDYIV

HZG-¢ 01/28
v8e-1 01/18
oI~V 01,28
41%1-0 01/t8
veeE1-ou 60/738
vee-1 6G/T8
v8E-1 60/28
HZS-9 01/28
8t-1 60/78
£01-4 60/28
le-1 90/28
901-4 90/28
11 o) 1¢/28
0€1-OH %0/28
97s-4 %0/28
HZS-€ T1/28
HZS-4 11/28
8E-1 [0/T8
o1-v 80/28
c1-v 80/T%
HZS-4 L0/T8
8t-L [0/T8
v8E-1 10/28
v9i-4 S L0/T8
G1-¥ 90/28
8e-1 90/28
vEY=1 90/78
91-4 50/28
91-4 Sc/78
8t-L c0/T8
ar-v §6/28
HZS-€ se/28
o/ FIva
IITALS

TVIEAAS 40 ILISOJROD

40 1817 0©°8 214Vl

I94meg "1V
SWEITTITIN
uoeeyg I7IaLK
GGIION
WOS<SIay
SNGENTOY
STGENRTON
achmeg 1Y
urTyZneq
ang

aduey

JoMy

sS34(Q
UBTT2T2°K
21T149U34Td
YIoMsTI3
yaaossTI1g
snqunion
(9NV) dvik Sdauleg
A03a3e4
I9imMeg *I°*Y
SWeITIIM
uyTysneq
TT19°®K
yoesg °91334&K
SUETTTTM
PI3Td AeTyong
TITTH

ITTd”®K
snqunion
PI3T4 A°T3ong
13Lmeg "1°)

dasve

39




8q1 2°2
sq1 §L°1

SqY §°¢

zo ¢°1 - §2°1

20 QG IT - 16
8qT /1 - 01

8qT g

z0 G°f - §Z°1

20 ¢

sql §°1

SqT §°1

z0 4 - ¢

sq1 §°Z

20 ¢

zo ¢

2¢ ¢° - 20 §Z°1
sqT §°1

IHOIdAM g¥id

ARTPIS GU¥IF NI GRATOANI SGHIE A3TAILNIAI 2C 1SIT 0°% LV

*€6T-Y0Z S.# TIVO 3008 95071 ‘(£%T9-0L6 AV) TIIM 11 ‘€dv TIVANZ
‘WVEL HSVE “FINITISNI WAINOSELIWS X6 IHOIEM ANV Hcil Qul€ CEIAIINAQI J0 MOOE 5071 WO¥d QENIVIE0 VIV

3ong TFEIVT HZS-4 €0/€8
NMEH PO19pInoys Py al-v - £0/€8
Kaadsg HOEI-D £0/¢8

%187 PIUVIOH vee-1 10/¢€8

TIny Buyysney VOI-V 10/€8
uedI19d S3ITUM V91-4 10/€8
a13e3 p1ed 4913 10/€8

jIe] PRUIOy V8et-1 10/€8

%IeT MOPBIH al-v 10/¢8

¥Ong PojoaN SuTy Vo1~V A VLA’
¥ong peyoay Bumy 40€1-D /18
oT%0RIH UOUWO) Vet-1 21/8
Jimey pairel Py a/l-v 21/t8
jIe] MOpERH veE-1 2t/e8
1931389y UEBOTIAWY v8e-L z1/28
jIe] pauiIoy v8e-1 11/28
Adng pooy 8€~-1 11/28

4diL @19 o/ a1vd
ANTALS

(PenuTIVO)) SANOD 1IVAJNIV TVHAA3S 30 ILISOJWOD

10uT)K

(5NV) 19%0BqUIOTY
(ONV) dVKk Yeueaeg
SUBRLTTTIM

yoeayg AIIILK

11TH

14§ el oA

SWeIITTN

(ONV) dVik SeUTO) Sa(Q
yoway ITIILW

adog

wdDESHOU

(ONV) I9NOEqUINITY
Qo0UkA

STWeITTIM

SWETITITM
aouep

40




N
Qo

20 &¢*11
29 ¢711

20 ¢°1%
20 ¢°11
20 $°11

INTVIS Guld NI AHATOANI SCO¥I8 GEISIZNIGI 4C ISIT 1'% HIEvd

S§311d ¥3LA&WOD g4V TIVANAL ‘WV¥Hl HSVE WO¥3d VIVQ

PITqxOelg pasuImpay V1 Y<i-d %G/€8 oy
3152y ULPI0H oVl gac1-a ce/e8 ueEciioy
21d74 I23ep ) A7 c1-2 71/28 oy .
1Ino Bujiisy oVl a¢1-4 11/28 As13uen .
TInD Buli1asH VL v61-d 01/28 Ls18ue .
31orIH ULOWWC) oVl 051-4 60/¢8 ds128ue .
3T30BIH UOWWO)H oV 0¢1-3 6G/28 A213ue] g
moizedsg o\ 7 v6i-d 80/28 Kay8ue]
9TAORIS UOTWOD ovl Gs1-4 (G728 £a18ue1 .
as0q Buruanol OVL Si-& 10/28 axnq |
noziedg oVl 061-3 L0/28 £=s18uey .
ST3O'1IS UOWHO)H OvVlL I€T-& 70/28 As1Zuen .
surung YA vei-a J1/18 £e73uey :
1ino Butaisy oV vei-& Z1/18 £o18ueq
121359y UBDTIIWY VL o6T-2 11718 £218uen
Jadydpueg OV1 614 11/18 Lo12ueq
aa0Q@ BuTuINOK ovi qc1-4 £0/08 307 ‘
Jueionlo] polsai1) I[qnog vl <i-3 £0/08 Ko13ue] f
TInD P1T18 Buny VL €1-4 €0/08 £=218ueq — i
P2IquoeIg Po3UTH P VL 514 Z0/C8 a3n7 =
PIFQAORIg Pa3UIM PSY o)A c1-4 20/08 La1Eue
aoxzedg oV VeI1-d T0/0¢8 ut7dz
noaxeds ovi ST-4 80/61 fafgue
smey soiledg oVl veI1-4 80/6. £3TEuen
1109 3uyylne oVl S1-3 80/6L fa18uey
TIn9 Burydneq IVl c1-4 S0/6L Le78uey )
Tino Bujaaay ovL S1-3 4C/6L de12ue] .
TIn9 BulaIsy VL S1-4 £0/61 £@18ueq .
Tin 3ujaasy oVl S1-4 6/6L £312ue .
simey pasd3e1-ydnoy ovVL VGI1-4 9Q /8L £Zotdue] '
Tino Buiysneq Vi veI-4 80/9L £918ue _
TIn5 Burydnei ovi veI1-4 80/9¢L £918uey .
TIro Sutydneq VI vei-4 v0/9L 4{978uen \
2dil @¥id ANYIBI0D 2/¥ 4LVQ asve .
AATILS
SANOD ST1-d

¥ VR IR YY) OB T E R IR R R



N I
(o}
NN O
e o o
* el e

w
O
r{
o
.
o~
|
O~

N

o
o
.

N
[o}
MO~ O O Ol 00 I~ 00 —

N
o

0\‘?C§C‘O

n u
N O .6

O ™
N

]
o]

N
o3
L]

(]
o}

IHOIAM OG¥IE

d%181S QHIgd NI J3ATOANT STHIE

Buindeq
Suimden
IFINS
21d3ey
27d28ey
mozxedg
Yougz uavly
piezzng
piezzng
moizedg
piezzng
uaA®y
a7d8ey
12339y
12313183}
Youtrq

b L
Sjmey
21d3ey
1In8esg
91d3ey
123383y
Buimden

Adil G319

e ata el

SR RASICH

40 IS51i1

SETIA YALAdWOD ‘93V TIVANAL ‘WYL ESYY WOYd ViI%G

) fx] E.ﬂ fr} ) M
$ ' 3
eI

=

2aV
a8V
agv
aav
32V
A4
LA
28y

1-.
s

]
¥
<

a4y
qaV
24V
cr-14
24v

ANVRNGD

adodna si-3

50/28
60/28
$0/28
60/18
60/18
[0/18
c0/18
¢0/18
€0/18
$0/18
S0/18
01/08
01/08
60/08
80/08
80/08
90/08
90/08
<0/08
S0/08
S0/08
90/6L
60/8L

q4ivd
HATYLS

BRPITISTV

TEpIZIlSTY
WepITISTY

wepIijsuy
TepIo3 STy
EEPISISWY
WRPISISTY
Tepislsmy
Wep1S3ISTY
Lep1a3STY
TepIalsSwy
TRpPI2]SWY

mns_uwm
x9N dues
3angity
SN CiB)
43N dues
umouuy
Bang21g
ginga1g
8inq31g
3anqa1g
2anq3tg
21nql1g
#aN cue)n
asN duep
maN duen
#3sN duen
ray duen
ran duen
»ay duen
neN duer
#oN dues
UMOLINY[
LMOUNHG

asve




LSRR R

mnM m
seT /LI - o
SGI €°C = L*I
saT Z/1 1

f - 01

20 m

20 N.m

prie] N.ﬂ

SGY £°C = L°1
sQT T/1 1

sq1 §°%

51 €°C - L%
20 21

20 721

20 Z1

sq] ¢°¥%

20 w-

sqi ¢*

sGT Z/1 1

SQf €°C - L°1
SQT S°%

sqT S°%

IHoIIM Qg¥id

IETELS GAId

2an3ny L8jang
ugqoy

8In3INp NTeIH
33IMS D
#031€6Q

qae

YsSnayg

uedTIdd
moizedg
21n3{np fajang
ues3Te4 9ITYH
piezzng A9Mang
*ong T¥eUl4
uedFTod

CIq0y

393129 3113E)
19183 @123%®)
paezzng A3)an]
R}ong

2In3TRy MOETY
piezzng 0®Tg
12233 913138D
12133 9133%D
12183 2133%)
2In3Tny £:ang
SBujzung moug
JjmEg moiredg
AOng TiempEd
paezzng
aan3Tnp L9%ANG
23in3 R £93jIng

4dAL g3did

81 Q3ATOANT SUN¥I

A )
oVl
Svi
ovi
SWEISZS
5471
oVi
ovli
oVL
ova
ONV
ONV
ONV
vl
ovi
oVl
oVl
ovl
ONV
ovi
oVl
oVl
D01
OVl
vl
ONV
SHEISZS
oYl
ovi
ova
VL

ANVIHROO

SON0D 7~4

R Tyl

g (ZIJIIN3CI 40 L

37-4
oy-d&
oy-&4

35-4

ov-4

a7-4
oy-Ja
a7-&
3y-4
3r-d
O9y-3¥
oy-A4
oy-338
ar-4
ay-3
ay-4
ar-4

I7-4
oy-3d

Iy-a

Fy-a

ay-d
oY~-38

k|
o%-J&
Sy-2¥

Y-8
o9-43

ay-&
oy-d8
o%-d¥

/v

8I7 £'® FIEYI

zi/eL
11/8L
01/8L
01/%L
01/8L
60/8.
6G/8L
80/8L
3C/8L
90/8.
SC/8L
50/8L
€C/8L
£0/8L
Z0/8L
€0/LL
60/LL
LC/LL
90/LL
20/LL
01/94
SO/SL
€6/9L
SC/9L
€d/9L
£0/9L
T1/sL
T1/6L
90/6¢
96/S¢
€o/sL

Z1vQ
TAT2LS

CMOUNUS,;

GMOURUS

LE

CHOUAG(

af1cey

114

EAOUNTY

TITAOBK

332¢89

pE23S3moy

THOUNLN

quny weyldulniig

2 EVK UIo0RIn

TT1Ed°8R

TACURGT

pPED3 S2TOL

pEa3S2WoY
GOmGAOﬁ anowisg
NW &VI {Ining

vmmuwmuom

peo3Issaoy

ApooR

118

TTICOBX
wocilsdaag

K dV1I 43ning

BYT83

uc13sdisg

uridy

weca3s3a9g
woaysdieg

ZSvd

43




sq1 6z1°
sqQT €°C - £°1
SqT €°7 - £°1
sqT Z/1 ¢
SqQT §*¥
SGT ¢Z1°
SQT 6°C
20 #lﬂ
SqQT G*¥
SqQT G
SqQT €°¢ - L°1
20 @Q°
zZ0 g°
20 w.
zo @g°
$qQT €°C - £°1
20 7]
SqQT €°C - L]
zO ¢
SqT G°%
z0 g°
SqQT G°¥
sqT 6°¢
zo G*
sqQ1 €T -
SqT €°7

SqT L1 ~ 01

IROIEM qd1d

FNTYLS Q¥I8 NI QIATOANI SQ¥Id JIIJIINIALI 40 ISI1T <c°& FTYVL

184014 INV o%-3d 20/18
paezzng YOeId oVl oY-2¥ £0/18
paezzng Moelg DNV o%~-dd 10/18

uooT] uoumnoy oVl ar-4 11/08
2IN3TNA A9yang oVl ay-4 90/08
1adidpueg ONV ov-1 c0/08
AMeH peTFel PoAd vl oy-d S0/08
oT}orIH UOWNO) ONV oy-4 %0/08
2an3Tnp 4£9jang oVl 2%-d £0/08
2an3{nA Lajiny ) A v=d c1/6L
paezzng Kanany oVl o9-4 11/6L
noaieds oVl av-d 11/6L
noaaedg oVl qy=-d 11/6¢L
moazedsg oVl ay-a 11/64
moaledg VL ay-a 11/6L
piezzng Aayang qav oh-a 11/6L
32137 9133€) OVl ay-4 11/6L
paezzng 4ejang oVl ay-a 11/64
PITQBUTHOON vl oYy-gd 11/6L
2an3Tny £9%anl/paezzng 9NV o%-0d 01/6L
roiiedg VL o%-a 60/6L
2an3TnA £33any VL ay-4 60/6L
jmeH paezzng palapInoys podyY VL o%-4d 80/6L
ao7qaep ovL oy-4d L0/6L
piezzng 4ajang ) AR ar-4 S0/6L
paezzng Kajyang ovl ov-d s0/6L
197qaey )4 ay-4 c0/6L
noazedg oVl av-a SC/6L

uoo0] vl ay-4 v0/6L

#011BGS ovL ov-d %0/6L
usAry ONV o9-J4 %0/6L

UBOTT3d V1L ay-4a €0/6L

ddA) qdIg ANVINHOD /v ALVG
JATIALS

{pPenuIlu0)) SANOD ¥-3

AN dVik UTOOUTT]
P14 A1Tuueg
P14 4TT?uueq

Lpooy
PECEEE v

XM PI®T4 PACGITPUE]S
dVK Y3Tueg 3103
AN dvR ulodul]
ABYg

Lpooy

usouNuyf)

281099

881095

981093

ad108s
pRa2S3WCH
usouNuf
peslsauoy
usocuNU()

SK PT®¥4 £°%
umouyup
T1Ta2BR
woxjsBasyg
uoa3s319g
peaisaumoy
peaisauoy

TT1FTH

uMouNuf
uosuyor Inowfag
UMOUNL(

NK dv1 yaniag
111078

i5vE

44




20 g°
sq1 6°¢C
1 1 - ¢/1
zo @*
zo g°
S4T 6"y
20 71
zZ0 G1
sqT 6°¢
sqT ¢ - 6*
sqT £°C -

€

sa1

sq1 6*

sq1 €°C - L°

sqT €°7 - !°
sqT ¢°

20 g°

sqT 2

sqT §*

sq1 6°Z

sqT €2 - £°1

$q1 §°T

sq1 ¢°y

sq1 ¢°%

sqT GZ1°

q1 1

N
(o}
~3
1
et O NN AN TN N

IHOI3M d¥l¥

IYI¥IS QuIg NI QIATOANT SQuIE QIIJIINIGI 46 ISIT £°8 S14VL

mox1edg SW3I5S VL 01/28
#BH PITTIeL P9 ONV OY=-1d 01/28
TIng surTiuely ONV oy-Jd 60/28
moxaedg SNV oy-J4 60/T8
noaaedg SKHEI3ZXS y-3J BC/C8
aan3Tny 4£sjanl vl LBt 80/T8
1213y 9133e) ONV o%~1d LG/c8
jMeR padurp peoag gV av-a 20/28
siMeH PATTRL POy OVL o%-4 a0/28
£9jan] 193ep 10 EBUTHUY ONV ov-1d 90/28
piezzng Aajanj uav o%-a 60/28
sNMeH POTTRL POy ovl ov-d $0/28
2an3np Aajany ONV ov-H $0/28
¥onQ PIeITER ONV oY~13 %0/28
uess SuTTISTUM ONV o9—JY 20/28
aT}or1H uOWWO) VL o%-4 t0/es
qong pIeTIeER ONV oy-1d 1c/28
3S009H UBIPBURD ONV ov -4 10/28
2an3Iny AOETY ovl oy-Id Z1/18
paezzng £ajyang qIv ov-d Z1/18
paezzng £9jang SHALSAS H-4 11/18
aan3INA 4L9jang ONV ov-d 01/18
moa1edg 4} ‘AN - 01/18
aong paelleR ONV ay-4 01/18
y#uey moiredg 201 qy-4 80/18
SMEH POTTEL PoY INV oy-24 LO/18
spagzzng Kojany, oVl ay-d L0/18
jAney PITFRL P9y ovl oY-I38 LO/T18
2In3np qdeTq ovl av-a L0/18
sanyTnp 4ajang oVl ay-4 90/18
294074 ONV oy-4d GO/1IR
403 ovL av-a 60/18

4dil ayI14 ANYHKOD /v E51VQ
ATHLS

(PONUTIUOD) SANOD %-d

spIenps

I PI®T4 PIOITPUERIS
N dVH Uioduin

(I {PTJ usmo05) 2€370¢
pEASRLE

wmoijsdaeg

PTa ATT®UURQ
uosielled-3ySiam
881035

¥ Tuny weysulaalg
PERISBUWOY

ERiiet

PTd ATTRuuRg

NW dv1 u3niag

GI (PTg udmon) aslog
£318ue]

AN dVH ulooui]

AN dVK Ulodulg
aryg

pE®ISAUOR

¥o1a18g

AT19%

KW dVI 43InIng
TMOUNUf

TITH

NW dV1 4aning
1TTG9BR

neyg

uosuyor Inowiog
TTFA"BR

NK dv1 4aning

TTTA 2K

asvd

45




DITIIS G¥IE NI QHATOANI SQUIE QITJIINAAI J0 ISIT €°8 ETIEVI

8QT € - ¢
zo ¢

8qT S°%
zo ¢

8qT # - ¢
20 €

20 71

zo 21

8qT ¢°'¢t
1 1

zo g*

IHOI3N (1€

SATId JAILNdHOD ‘4dV TIVANAL ‘WVAL HSVE HO¥d VIvd

uaaey vl ay-a 70/¢€8

191389y UEBDTIIWY ONV . ay-d 10/€8
2an3ny ¥OeIq VL ay-4 10/¢8
IIPTITHA ovs v-d L0/28

40 ) A oy-4 60/28

urqoy M)A a9-4 t1/t8

38383 3r33€) ovlL ay-d 80/28
39133 91338) ovL ay-d 80/¢8
Kaadsgo H)AS ov-4 11/28

300) BED}IIWY ONV o~ 11/28
moizedg AR -4 , 01/28

AdAl @iId ANVHHOD o/v arva
FATILS

(PonuT3uU0)) SANOD %-d

uosuyof Inowfes
Jvi uoaBuyiang
TTIQv R
1I2UUCHSK
a8i1css

Apool

Apooy

Apooy

ad1099

TV FunR weySuultg
meyg

asvd



20 |

20 ¢°1 = 62°1
2o g*

zo g*

20 1

zo ¢

zo y°f

q1 2°1

z0 ¢*T - §2°1
sqQT ¢

20 ¥y

20 §

zo g°

zo ¢*

20 ¢*

zo g°

20 |

zo g°

z0 g*

z0 g°

zo g°

20 §

20 g

$QT 61°C - €6°1
20 1

20 ¢°T1 - 62°1
$q1 £

z

sq

z0

" 8q1 S1°C - ¢
2z

o

O W
W~

IEOTAN Q¥IY

33T UOWLO)
RaeT} vdpurTe)
moaaiedg
noazedg
AITNS

IJIMg BUATY
21d3ej
Sugaden
A1eTpOOoH
}ao3sg
Suimde

moln

soaaeds
aoyTeng
nolremg
moaxedg
33N
noaaedg
soazedsg
noaaedg
moiiedg
MOXD

£0ID

pae3isng 19889]
IIINS

Jyaeq

33038
A99PTTHA
ja03g

271d8eK
paeasng 13ssa]
Suinsdeq

3dAl 4314

<3

u?
b, fx,

2t
fzy foq
o o ! o«

(]
5'

34V
q3v
asv
44V
q4v
aav
34V
24V
q4dv
34V
a4v
a4v
aav
adv
4V
3dv
J4v
44V -
qav
qay

GNVKRWOD

3d0o¥fld ¥-d

(SRR SE ]

»T¥IS O¥If N1 UHATOANT SO¥I9 CFISIINIAT 4G 1817 $°& FIEVL

Gt-d 9¢/18
ay-d 9G/18
ov-dY 6G/18
gy 90/18
RV LR Cu/18
ay-J S0/18
-4 SG/18
ov-2u 9G/18
o%-4 €0/18
ot-d £0/18
t=d £G/18
oY=-Ju 26/18
ay-s 0/18
ay-4d 6G/08
a5-d 6C/08
qA4-3 6C /08
qv-d 80/08
ay-a 90/08
ay-4 £0/08
ay-4 go/ce
ay-d 10/Ce
ov-4d c1/6L
oY-3d 11/6¢
ay-a Lo/6L
a5~ 90/64
ay-d 9C/6L
q4=-J SC/6L
ay-a z0/8L
ov-d 90/LL
ay-a LC/9L
o%-3 L0/SL
qh=-g LG/SL
2/% HLVA
I¥IHIS

¥T114104U]
%T131I0U]
URNDNIAGTOMY
ujaIsSuey
utessuey
AFT1I0UT
ezofReieYy
AITITOUL
HT1272U]
ATTATOUL
©ZO3BRIEZ
AanquooTy
RARER Y
RSN AH
AT14ToUL
ATTLTOU]
uio3suey
vofaiaog
vofaiioy
vofaaao]
umouNufy
umouNu [}
Lanquooty
uof{aiaog
usounuf
uvefeaao]
Y11a10U]
UMOUNU([}
uof=i110]
wepialsuy soN duen
uof2110}]
wepisiswy may dwe)

3svd

47




20 ¢°01
zZ0 §°

20 6*/1
zo g°

20 g

20 ¢°1
8QT 6L°1
sat 71
20 (T

zo g*

zo g1
sqQ7 [
sq1 L
L A

z0 Q1
8qQT L
8GT 6L°T
20 ¢°T - 62°1
20 |

IROTAN Q¥IdY

A¥TYIS OnTY N1 QaAT0ANT SQG¥IE GFIA41LNGAT 46 181

uoa8y4

nol1aedg

uoa8id pooM
moaaeds

jymey moiaeds
NS

paezzng uvwoOWWO)
2an3Tnp UO3IJITIH
y3noyp

msoaaedg

8AOJ R00Y
R21035 9ITYM
R3038 SITYM
%3035 |ITUYH
2A0(Q NOOY
ja03g @ITYH
paezzng UuoOuWLIO)
¥1e] BAPUEBTED
2IFAS UOWLIO]

JdAl Q¥I"

SAT1d WELNWOD ‘€dv TIVANAL ‘WVAL KESYH WOYd YIVG

24V
a4y

aav
cr\4
a4V
aav
4av
qav

33y
a4qv
34V
CEAS
a4v

Jav
q4v

ANVIHOD

(PONUTIVOD) E4CYNE v-d

=2
ay-4
ap-d
av-d
3y-4
av-d
ov-d
av-4
av-d

y-d
ay-4
ay-4d
ay-4
3%-d
Iy-d
Iy-d
ay-d
Iy-d4
an-4

/v

1c/€8
11/28
01/28
$0/T8
sC/8
§0/28
$C/t8
§0/t8
70/8
z0/t8
01/18
60/18
80/18
80/18
80/18
80/18
L0/18
L0/18
90/18

Jlva
IATILS

uscu U
uofexiog
"uofeiaioy
uolaisiog
woTyepSuedg
AT1330U]
wayyeplurdg
eZO8evaEy
ATTATOU]
ezoferiey
uofsaiog
AF1APOUT
ATFTSTOUL
JFT110U]
HT1AToU]
ATTAFOUT
uyey
ATTIIOUT
%1137oU]

4SVE




Yoalt!

Fua

20 6*1 - GZ°1
84T €6

SGT S°6

z0 (Gl

z0 g°¢

sq1 ¢°¢

8QY -7

20 6°1 - 62°1
zo ¢*

z0 61T - G6C°1
20 91 - ¢1
SGT & - ¢

20 G*

Z0 ¢*

IHOIAM QY1

S>T83S (ul¥ AT GIATOANT SG¥TE UFRTIATINACT

»Ie7 Pauloy
218eq waprOon
a18e3 uaploy

2.0 #°0Y
PX¥QyoeTg pPoBuiy PIY
juey s,13doo)

M0

naeq

uaaM

Raey

GO0

740

137qIepn SpUISUMO]
noytrems

RdAL Q¥Id

ovl
IVl
ovl
oVl
OVl
o)A
VL
OVl
oVl
) AR
OVl
bo) AR
oVl
oVl

ANVKIR0D

40 1817

SHTIJ WILAJWOO ‘€4V TIVANAL ‘WVAL HSVE WO¥A vIVQ

Vill-4
Y111-4
ViTi-dd
VItl-4
VI11-4
111-4
arir-4
GIIT-d
Vili-4
arit-a
arirT-a
VIli-&
arir-4
Viil-4

2

/v

SLKR0D 111-d

01/2¢
80/28
%0/18
I1/1¢
11/6L
0l/6L
L10/6L
11/8L
01/8¢
01/8¢
01/8L
§0/8L
10/94
%C/SL

CRAH
IFIVLS

e m o emaaar & P o Pl AL

UOH *IK
BlCH °*23IN
PWOY *3IK
SWOR I
umouNuf;

uouuey
umsOuALf

uouue)
dUOK "3

uouuey
wAaouquf
SWOY * 1K
BUOK * 3K

SITI®N

qsve

S a € &1 Ty

49

L 2 LU J



Zo
s41

2
€'
S§G1 6°C

20 ¢°T -~ ST°1

20 g8

20 g

sq1 ¢°C
20 ¢1 - S°6
20 (]

z0 g

z0 Oﬁ

20 g

9T 2/1 ¢
20 g

20 ¢

z2o g

JHOIAN Qui¥

4%THLS G¥1E NI CGHATOANI

uaary
paezzng Aeojang
piezzng A9yang
jaeraaoys

Busde

1In3esg

" paezzng Kexany
yanoyp

380( ¥I0Y

MOID POOH

240 NOOY

Buymdeq

1100 8uyaasy
1In8eag pEALOBTY
Y1904

1ndess

34Al Quld

[EPRTRPReY

SxI8 GRTATINACT 3¢ ISI7T

G YI¥vl

SYTId WSINAROD 43V TIVANAL ‘WVEL HSVY KO¥d VIVG

aav
aav
aav
adv
44V
44V
v
44v
33V
av
3av
v
aav
aav
dav
2av

UNVIWHOD

340403 111-4

ITT1-d
4111-4
J111-4
3111-42
ATIT-2
a117-d

111-4
a111-4
J11T1-3
A1T1-3
di1i-2
ATTT-d
airt-4
AT11-4
A1 1-a
arrr-4

o/v

60/28
o1/8
01/8
01/28
01/28
90,78
01/18
20/18
10/18
10/18
z1/08
01/08
L0/08
LC/6L
60/81
20/9¢L

CRA (¢
3>»Td1S

4V¥ Ppaocjdey aeddg
dVd yieesyuane]
IVd y3ieayuayeq
RSO

JIVH PaojAsy aoddp
AVd yieeyuaye
Jvy Pac3dsy aaddp
3F1AFOL]T

FITITOUY

JATTATOUT

AIT2FRUL

dVd yiesyusyzq
AV {Yaesyusxye
AV¥ yIeayuayen
JVid {ieayusye]
Jvy pao3jLsy aeddp

asve

50



, - .
_:k.v- n\--uf s,
" - LA v .
NPT R AR

GH1d 441NdW0T WU3d HSHE W04 Uibd 1HII3M (418
NOILNGIYLISIO 1HII3M QY18 SANOI 3 "9l14

("8 IHI13M GYI8
g0t 08

GG

~_-P.-r>>h-—-!-».».-»—-.!—r.-—---.-r—-.-rr._-hnh_-.--—-rrrrrp-rr--rrrnn—-»-»-!.-._

g8l 08l bl ¢t 0°9 G'¥ G'¢

G0

10

~
[em]

o]
o

-«
o

Q1 £8°1 =203,

0569°1
.9

LI>A>L°1 ¥0d ydxo -
( om.:.A )=)dxe - 1

= {mi

19%€” + n 8991°

0g12° o
( mnq_a.AlmMPWvlu dx3 - |
gOo

1186 804

nr
o

£°>4>0 ¥0d

® ~
o o

o
o

A e s L B e e AARaasas Lert e R
©

r
o
—

ALTT1186808d 3ATLYINWND




B Rt

i

S 1

T T T

W

WYY

A M tlm At

A\

it

N

TV

T

'\

'~

MAANASA sl o

SET14 ¥3INGWOT WHAEL HOWE WOY¥4 Hibd iHU1dM dyis
NOIINGI41SI0 IH3I3M QI8 3d408N3 £ "314

| (°687) IHOIAM GY18
D¢t gt G 0t G°6 08 0°¢ 69 0°S 0 0°¢ G'e G'! 060

Yusaaanasslaxssaonss by agaassaleasaseaealansgas -P.—.rupfrF.l—rrF-..-.-b?-PE—L-PPPP.-P~PPPPLF...-.-.-F.—f—rw——-—r—rflD.O

1’0

Z'0

‘
= . . . 2303,

Al 91 (8° =%

y

" S

i L8>0 w02 095 - ()i
[ -)dX® -

% C grgys E2y=yenn - 1

-2

P

A

v\

48

.,

2

-\.!

\,

y,

.

o+

‘!

3 O
;O

T T e e . e s

ALIT18Y804d "3ATIHINKND

o e - .

gl - v e bR e

a‘e 2

s A o A (4




COMPONENT STRENGTH DLISTRLIBUTLONS

The canopy and windshield strength distributions are the percent area of
the component which would be damaged, expressed as a function of impact kine-
tic enerpgy. Since the majority of USAF bird impact testlng s done with an
equivalent of a 4 1b bird, the strength distributinons have been derived hased
on the kinetic energy developed by this bird weight.

For example:
K.E. = 1/2 mv2 (14)
so, for the ifmpact by a 4 1b bird at 410 Knots:

m=_4 = ,1242 LBS
32.2 FT/SEC2

410 Knots X 1.688 = 692.0800 ft/sec
K.E. = 1/2 (.1242) (692.0800)2

Based on Figure 16 for the above kinetic energy, 100% of the present F-15
windshield is critical, meaning that a penetration would occur anywhere on the
windshield by a 4 1b bird. At a velocity of 330 knots, an impact by a 4 1bh
bird (KE = 19,269.23 FT-LBS) makes the windshield 44% critical (44% chance of
penetration occurring). Figure 8 shows the F-15 single and two seat model
aircraft windshield and canopy profiles. Figures 9 and 10 define the prasent
component capability in terms of pene:ratton/no penetration.

The present capability for the windshield and canopy was obtained from
past F-15 bird impact tests {McDonnell Douglas Report, MDC A4888). Since two
bird impact points tested were not the most critical locations on the wind-
shield, T-38 data was used to develop the present capability as shown in
figures 9 and 10. The T-38 data was extracted from AFWAL report #TR-80-3132,
PART T, and it was used since the T-38 had an exhaustive bird impact test
program, as well as the T-38 windshield is geometrically similar and made out
of the same material (monolithic stretched acrylic) as the F-15 windshield.
Percentage of area was determined by using the T-38 percentage distribution
(F-15 capability). Figure 15 shows the T-38 penetration values by a 4 14 bhird
as obtained from the bird impact test program. Using similar ratios, the F-15
capability was obtalned and is summarized in Figures 9 and 10,

Example calculation:

From F-15 birdstrike test on windshield, no penetratlon occurred at
393 kts (severe cracking); at 431 kts, penetratilon occurred (center impact),
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Therefore, 431-393 = 38 KTS

38 =19
2 393 + 19 = 412 =410 KTS

410 kts represents the predicted penetratfion value since severe
cracking occured at 393 KTS.

n”

390 KTS represents no penetration by a 4 lb hird

i

410 XTS represents penetration by 4 1b bird
* A of 20 KTS from severe cracking to penetration.
Further, additional areas were assessed as follows:
From Fig. 15
320 - 210 = 110 KTS (A)
320 - 230 = 90 KTS (4A).
For F-15 same areas,
410 - 110 = 300 KTS
. 410 - 90 = 320 KTS.
Results summarized in figure 10.

For the F-15 canopy only one point was tested, near the cauopy arch. At 160
KTS, no penetration occurred, and at 182 KTS, penetration did occur. The
transition zone was estimated from 180 to 450 using T-38 percentage areas from
Reference 2. The T-38 canopy value of 125 KTS was represented for the F-15 by
a range from 180 ~ 450 KTS, since the F-15 canopy is thicker than the T-38 and
it was not felt that decreasing capability exists for the F-15 as it does for
the T-38. The zone for the T-38 that 1is represented by 125 KTS could have
easily been a bad shot. Therefore, the F-15 transition zones were estimated
as shown in Figure 16. The plotted values were bird penetration values from
Figure 10. Similar methods were used to extrapolate increased windshield and
canopy capabilities, and these are summarized in Figures 1l - l4. Increased
capability component strength distributlions are summarized in Figures 17 and
13,

The above approach was recommended by Mr Blaine West from University of
Dayton Research Institute, since 1t was representative of realistic component
capability. The abhove component strength capabilities were estimated using
the above estimation process.
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MODEL APPLICATION

Stace all inputs have been already derived, the number of ponctrations on
a specific component, windshield or canopy, can be obtalned by the product of:

#PENETRATIONS = OIR X FFORCE USAGE X AP(V) X AP(W) X CRITICAL AREA
OTIR = OPERATIONAL IMPACT RATE PER 106 IRS (15)

FORCE USAGE = TOTAL Flight Hours for specific mission alr-to-alr or alr-to-
ground

AP(V) = aircraft velocity probability

AP(W) = bird welght probability
Critical area = Windshield or canopy area capability

A P(V) and A P(W) values are obtained by evaluating the respective cumulative
probability distributior runction for a desired raange (Table 9.0 - 9.6). The

eritical area values are obtalned first by developing a kinetic energy maitrix
(Table 10,0).

Eqn 14 1s used to determine ecach element of the matrix.
Example:
For velocity range 310 =360 + Nominal 335 KTS and bird weight
4 ~ 5 - Nominal 4.5 LBS
KE = 1/2 m V2
KE = 22,344 Ft Lbs
For velocity range 160 ~ 210 - Nominal 185 KTS and bhird welght
1 -2 - Nominal 1.5 Lbs
KE = 2271 Ft Lbs
From Table 10.0 for ecach kinetic energy value (each element), figures 16 - 18
are used to cohtain proportion of component critical area. Table 10.1 and 10,2
Lists the rvesults in the 12 by 15 matrix, for the present capability
windshield and canopy. The use of eqn 15 obtaias the number of penetrations
that exceed the kinetic energy of the gspecific subsystem. A summation is then

taken of all incremental bird penetration values from the 12 by 15 matrix, and
a total number of penetrations for a speclfic usage profile is obtained.
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AIR/ALR + INST/NAV + All Missions Flown

CONUS & FEUROPE

CUM. PROB VELOCITY (KTS) VELOCIL'TY
. 0001 116 1o -
« 0949 160 160 -
« 2450 210 210 -
<4400 260 260 -
« 6440 310 3o -
8100 360 360 -
. 9180 410 410 -
9720 460 460 -
-9930 510 510 -
« 9990 560 560 -

1..0000 610 610 -
1.0000 660 660 -
1.0000 710

(except AIR TO

(KTS)

160
210
260
310
360
410
460
510
560
610
660
710

~5.793168 + 2,49687X10~1 v <« 4.296046X10~3 y2

+3,774985%1075 v3 - 1,792476x1077 y4

F(V) = | +4.396387x10710 y35 - 4,371569%10713 yb
- - V"IOO 2.81
E exp( <367-1:6) ) _

Vior= 279.24 Knots

TABLE 9,0 FPF-15 PRESENT

64

FLEET

GROUND)

AP(V)

.N948
1501
<1950
<2040
.1660
.1080
005100
0210
0060
.0019D

0

0

FOR 116<V<200

FOR 200<V<720




'\ - - ' ‘\ l-‘ i\ " Y - ) w N .
.:’
AIR TO GROUND MISSION ,
CONUS & EUROPE
CUM PROB VELOCTTY (KTS) VELOCLTY (KTS) ' AP(V) "
* . 0002 110 110 - 160 0217
.0219 160 160 - 210 L0257
L0475 210 210 - 260 0111
L0587 260 260 - 310 L0102
.0689 310 310 - 360 L0626
L1315 360 . 360 - 410 .1905
.3220 410 410 - 460 L3040
6260 460 460 ~ 410 L2540
.8880 510 510 - 560 L1000 L
L9880 560 560 - 610 0120 f._ B
1 . 0000 610 o
S
=4.276016X1072 +,2.515055X1073 ¥ -, 5.176007%1075 V2 ooy
+4.649071X10-7 v3 =1,908740X1077 v4

— FOR 110<V<380 ———
FV) = | +3.569492X10712 v5 ~2,406103x10715 vb S

. .V - 110 ,6.01 .
1 - e’““‘(rgrr““}lo °-0

- FOR 3R0* VI610

i?tqts 427.90 Knots

TABLE 9.1 F-15 RAPID DEPLOYMENT FORCE
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AIR TO AIR + INST/NAV + All Misstons Flown (except AIR TO GROUND)

CONUS & EUROPE

CUM PROB VELOCLTY (KTS) VELOCITY A P(V)

« 0004 116 110 L0943
« 0949 160 160 .1501
« 2450 210 210 «1950
. 4400 260 260 .2040
« 6440 310 310 .1660
« 3100 360 360 .1080
. 9180 410 410 0540
. 9720 460 460 .0210
- 9930 510 510 0060
« 9990 560 560 L0010
1.0000 610 610 .0000
1 .0000 660 660 0000
1.0000 710

-5.793168 + 2.49687X10~1 v - 4,296046X10™3 v2
+3.774985X10™5 v3 - 1.792476x10~7 vH ——— FOR 1165V 200
+4.396387x10710 y5 - 4,371569x10713 v6 -
1 - exp(~( Y40 528l
307-40 FOR 200V 720

Veor= 279.76 Knots

TARLE 9,2 F-15 RAPID DEPLOYMENT FORCE
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AIR TO AIR + TINST/NAV + All Missions Flown (except AIR TO GROUND)

CONUS & EUROPE

. CuM PROB VELOGITY (KTS) VELOCITY (XIS) AP(V)
0001 116 110 - 160 <0948
0949 160 160 - 210 1501
22450 : 210 210 =« 260 .1950
. 4400 260 260 -~ 310 2040
« 6440 310 310 - 360 « 16060
<3100 360 360 - 410 1080
L9180 410 410 - 460 0540
9720 460 460 - 510 0210
.9930 510 510 - 560 0060
<9990 560 560 - 610 0010

1.9000 610 610 - 660 .N000
1.0000 660 660 ~ 710 L0000
1.0000 710

-5.793168 + 2,49687X10"1 v - 4.296046%10=3 v2
+3.774985X1079 v3 - 1,792476x10~7 y4 —-x FOR 116-V=200

A P(VY = | +4,396387X10710 3 - 4.371569x10713 yb _
) (o V=40 (2,81
[ U= exp(-Cogyzg) e e e e e m == FOR 200V 720

Vior= 279.24 Xuots

TABLE 9.3 F-15 DUAL ROLE FLGHTER N




PRSP bt h WL L

AIR TO GROUND MISSION

CONUS & EUROPE

CUM PROB VELOCL'TY (KTS) VELOCITY (KTS) AP(Y) DN
L0032 110 110 = 160 0431 O
.0463 160 160 - 210 0159
0522 210 210 - 260 ND153
L0775 260 260 - 310 L0195
.0970 310 310 - 360 0125 e
. 1095 360 360 - 410 0375 R
L1470 410 410 = 460 2470 T
. 3940 460 460 -~ 410 4390 T
.8330 510 510 - 560 L1630
9960 560 560 - 610 0040 s
1.0000 610 v

ez

+8.284557X10~5 =5.55111X10™3 Vv +1.172276X10~4 v2

-9.165418%10~7 v3_+3,493164x1079 v* —- FOR 1H0KV<440 ;
F(V) = | =6.493033x10712 V3 +4.716360X10715 6
|- exp(o(V T 10 9.5321, :

486.3-110 — FOR 440<V- 620

Vieor= #45.91 Knots

TARLE, 9.4 F-~15 DUAL ROLE FIGHTER
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69

CONUS |
WEIGHT (LBS) ) A P(W) CUM., PROB WELGHT (LRS) , .
' 0 -1 SL49 0 0 g
-2 1631 .5149 1
. 2 -3 1074 .6780 2 i
1 - 4 0668 7854 3
“ -5 .0438 8522 4
5 - 6 .0295 .8960 5
6 -1 .0204 19255 6
7 -8 L0144 19459 7
8 -9 .0103 .9603 8
9 ~ 10 .0075 .9706 9
1c - 1l .0054 L9781 10
13 - 1 .0022 .9905 1 1
14 = 15 .0017 .9927 14
.9944 15
N W__,.4145
b~ exp G0 ) FOR O<W<.9
FON) = |, 1688 W + 3461 FOR L9<W<1,7
e M 17550
e s ) FOR 1.7<W<17
Weot= 1,85 Lb,
TABLE 9.5 BIRD WEELGHT DISTRIBUTION




AT VRTINS "l\'_‘“:"\""t_"\"v-‘.l_"tz:"—;"f"(w*.: HEFVEIC LU ORI RT IR TR TRT TR RN TR TR TR AT R TR AT AT AT T T T A

EUROPE
W EGHT (1.BS) A (W) CUM. PROB WIELGHT (LBS)
0 -1 799 0 0
{ - 2 1022 7793 |
2 -3 0449 8815 2
3 -4 0243 . 9264 3 & T
4 -5 L0147 ,9507 4 -
5-6 0094 9654 4
6 -7 L0064 L9748 6
7 -8 ,0045 L9812 7
8 -9 .0032 9857 8 _
9.0 L0024 .9889 9 .
10 -11 L0018 921) 10 i
It - 12 0014 .9931 11 B
12 - 13 0010 9945 12
13 - 14 .0008 9955 13
14 - 15 .0007 «9963 14
9970 15
W 4972
van = L el ) FOR O~ W< 17 :
Wtot_‘: .87 Lbo i
L}
X TABLE 9.6  BIRD JELGHT DISTRIBUTION
: 70 :::: .
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USE OF COMPUTER PROGRAM FOR MODEI, APPLICATION

Appendix A lists an interactive computer program which was used to obtaly
the numher of bird penetrations for each component varying t,. Program BAAPF
avaluates the present fleet afr-to-air miasifon. The finputs for the program
are In Hae number 140 ~ 740 and can he changod to ovaluate the RPD ol DRF
alr-to=air/air-=to-ground missinng, In the above program lines, the following
are Lnput parameters:

(140) PWC - A P(W) bird welght probability for CONUS. From Table 9.5 (Doe:
not. change when evaluating F-15 Present Fleet, F-15 RPD, F-15 DRF).

(16)) PWE - A DP(W) bird weight probabtlity for Burope. From Table 9.6 (Doeo;
not change when evaluating F-15 Present Fleet, F-15 RPD, F-15 DRF).

(230) PVI - A P(V) veloclty probability. From Table 9.0 - 9.5 (changes for
alr-to-air and alr-to-ground missions)

(250 - 740) Windshield and Canopy Critical area Proportlons. Froa Table
10.1 and 10,2 for present Windshield and Canopy Capability.

(These values change for 1increased capability. By using
Figures 17 and 18, a stimilar Table to 10.1 and 17,2 can be
obtalned).

Appendix B contains the results, after running the program BAAPF, for the
F-15 present fleet (air-to-air mission). The first matrix, expected aumber of
birdstrikes (uncorrected), {s not corrected for critical area. The seccond
matrix, expected number of birdstrikes, 1s corrected for critical area, and
the summation of all elements of this matrix 1s the total number of penctra-
tions for a specific, component, theatre, OIR, Force Usage, or mission. The
Appendix C program lists only the results, the total number of bird penetra-
tions.
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EVALUATTION OF RESULTS

To date, the F-15 fleet has had one bird penetration on the windshield,
and two incidents resulting in two cracked windshields and one cracked canopy.
0f these two lncidents, no penetratfon into the cockpit has occurred. Tahle
Ll summarizes the results of this model's simulation of the FP~15 present fiect
baserd on the number of hours flown to date in Conus and Europe and on the pre-
sent windshield/canopy capabilicy. It i{s important to note that any valuae
other than an integer value for a penetration 13 meaningless; however, since
this simulation 1s a numerical solution, fractional values will nccur. For
example, for Conus, the model predicts 0.45 bird penetrations on the canopy
and to date there have becn none, Since this is a numerical solution, nne can
imagine a counter starting when the F-15 fleet started flying. The 0.45 pence—
trationg implies we have not had a penetration on the canopy to this date, but
siven more time, we will.

The model simulated past history very well, the same methodology was used
to evaluate the F-15 RPD and DRF, The results are presented {n Fipures
19 - 70 for different missions with varying Ts and force usage (flight hours).
A realistic usage profile 1{s summarized in Table 12,0 - 12.7 for the RPD and
DRF over a 15 year flying period. These graphs can also be used to evaluate
other and possibly more realistic usage profiles.

Evaluation of Table 12.7 indicates that, even with a 500 kt windshield and
350 kt canopy, bird penetrations intn the cockplt will still occur; however,
there [s little that can be done to prevent an 8 lbh bird from penetrating at
480 knots. To dissipate the energy resulting from an impact of such a severe
condition could require structural considerations that would interfere with
the capability and function of the alrcraft, as well as make the design cast
prohihitive based on latest state of the art technology in transparency
design,

The numher of penetrations that are represented in either the tables or
the graphs do not imply aircraft losses, Based on McAir's initial analyses of
historical data, one out of every threec penetcations resulted 1ian an atrcraft
loss, fatality, or pllot major injury. This vatin was used to assess the
results 1in terms of aircraft losses, fatalities or pllot major injuries.
However, one should note that this type of ratlo 1{s based on a small data
sample and has not becn verified agailnst all existing data from which a wore
realtstic catio might be inferred.

Figures 19 through 70 can be used to predict the number of bird penctra-
tions for a change in Tg4 if the force usage shown In Tables 12.0, 12.4, and
12,5 remains the same., From Table 12.3, {t is found that the F=15 RPD air to
ground missions predicts 9.5 windshield bird penetations for a Tg of 1.R056
and rthe present windshield capability in CONUS. What is the expected mumher
of windshield bird penetrations 1f the time spent i{n the bird threat eaviron-
ment (s reduced to a Tg of 0.6? First find the right graph, in this case,
Figure 27, “F-15 RPD, Present Windshield Capability, CONUS, Air to Ground,™
Then from Table 12,0, "F-15 RPD Porce Usage,” the numher of €flight hours for
the CONUS and alr to ground case, 141,750 hours, Ls used in Figure 27. Since
Figure 27 doesn't have a line for a Tg of 0.6, the value i3 {nterpolated
between Ty of 0.5 and 0.7. From the graph:
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Windshield Bird

At Flight Hours Tg Penetrations (WBP)
141,750 .5 WBP.5 = 5.6
141,750 .6 WBP.6 = ?
141,750 .7 WBP.7 = 8.3

Using a ratio to interpolate

WBP.7 - WBP.6 _  WBP.7 - WBP.S
Ts.7 = Ts.6

Ts.7 = Tsus
Solving for WBP.6

- _ 8.3 ~5.6)\¢7 - .6)l- 8.3
WBP. 6 o .5) ! |

WBP.6 = 6.65 windshield bird penetrations

CONCLUSTONS

A statistical silmulation was used to evaluate the F-15 present windshiecld
and canopy capability with respect to the number of bird penetrations into the
cockpit., The results of this simulation as applied to the present fleet
recreated past history very precisely. Similar methodology was used to evaluate
the F-15 RPD and DRF., The results indicate that the model, using the assump-
tions and parameters of this amalysis, predicts that the present windshield and
canopy need improvement for the alr-to-grouad mission of the RPD and DRV,




BIRD PENETRATTONS* o

¥

-

MODEL SIMULATION HISTORLCAI

CONUS EUROPE CONUS EUROPE

Windshield 1.10 0.08 1 0

Canopy 0.45 0.62 0 0 : 4
Hours Flown 473008 136576 473008 136576
Ts 1198 .2307 .1198 .2307

v w1y

*with present windshield and canopy capability

TABLE 11 F-15 PRESENT FLEET AIK TO AIR MISSLION
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Number of aircraft available = 150 aircraft
Average number of hours flown per month = 25 hours

The total number of flying hours fpr 15 years is:

15 yeara X 150 A/C X 25 hrs X 12 months = 675,000 hrs
month year

Alrcraft’s distribution: 1 - Conue = 70% of aircraft
2 - Europe = 30% of aircraft

The mission mix is: 1 - 30% air to ground (A/G)
2 =~ 70% air to air (A/A)

Mission mix data obtained from HQ TAC message 221715Z July 1982

For 15 Years of F-15 RPD Force Usage

Combined Conus (70%) Furope (130%) Ts Ts
GConus Furope

Total hours 675,000 472,500 202,500
A/G Vours (30%) 141,750 C 60,750 8056 .8056
A/A Hours (70%) 330,750 141,750 L1198 L2307

TABLE 12.0 F-15 RPD FORCE USAGE

N e et
I PGSR SR SN, S0 S




.

T b T e T T R TR RS

Conus

Europe

Conus

Europe

Conus

Europe

Conus

Kurope

vWINDSHTELD BIRD PENETRATIONS

] Pfesent 450 Knots
Capability Capability
s .15

.08 I ) U

CANOPY BIRD PENETRATIONS

Pregent 300 Knots
" Capability . Capability
30 .11
.65 .19

TABLE 12.2 F-~15 RPD AIR TO AIR WMISSION

WINDSHIELD BIRD PENETRATTONS

Present 450 Knots
Capability Capability
9.50 ) 3,20

.60 o 17

CANOPY BIRD PENETRATIONS

Present 300 Knots
Capability Capability
2.60 1.40
3.50 1.50

TABLE 12.3 ¥®-~15 RPD AIR TO GROUND MISSTON
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500 Knots
Capablility

.09

.009

350 Knots

Capability

07

.05

500 Knots
Capability

2."0

12

350 Knots
Capahility

1.05

1.0

a
.
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Production schedule obtained from HQ USAF message 0822007 Apr 83

N Years of RNumber Cumulative Flight iours A
- Production of A/C Number of A/C per oar

ist 16 16 4,800 :
2nd 72 88 26,400 '
Ira 72 160 48,000 i
4th 72 232 69,600 , ;
5th 72 304 91,200 B
6th 60 364 109,200 _
7th 3% 400 120,000 2
Total flight hours for the first 7 years: 447,648 .

Sample Calculation: for the first year:
16 A/C X 25 flight hours X 12 month = 4800 flight hours
month year
For the remaining 8 years, the number of flight hours is:

400 A/C X 25 flight hours X 12 month X 8 years = 960,000 hours
month year

The total flight hours for 15 years is:

447,648 hours + 960,000 hours = 1,407,648 hours BRI

TABLE 12.4 F-15 DRF FORCE USAGE




Alrcraft distribution: 1 = Conus = 70% of aireraft »
2 = Europe = 30% of aircraft

The mission mix 1s: 1 - 75% Air to ground (A/G)
2 - 25% Alr to ailr (A/A)

For 15 years of F-15 DRF Force Usage

Combined Conus Europe Ts Ts
Conus Europe

Total Hours 1,407,648 985,353 422,294 S

A/G Hours (75%) 739,015 316,720 6360  .6360 o
A/A NHours (25%) 246,338 105,573 L1198 2307 e

TABLE 12,5 V¥F-15 DRF FORCE USAGE




Conus

. Burope

Conus

Furope

Conus

Burope

Conus

Europe

WINDSHIELD BIRD PENETRATIONS

Present 450 Knots
Capabilicy Capability
«55 .10
06 .01

CANOPY BIRD PENETRATIONS

Present 300 Knots
Capability Capability
'[.0 013
.80 .25

TABLE 12,6 TF~15 DRF AIR TO AIR MISSION

WINDSHIELD BIRD PENETRATION

Present

450 Knots
Capability Capability
45.5 17.0
2.8 .9

CANOPY BIRD PENETRATIONS

Pregent

300 Knots
Capability Capability
19.2 10.7
25.5 11.5

TABLE 12,7 F-15 DRF, AIR T GROUND MISSION

500 Kunots
Capability

.06

0

350 Kunots
Capabilicy

.08

.15

500 Knots
Capability

10.9

.0

350 Knots
Capabllity

869

8.5
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100=2
110=
120
130>
140~
1502
160
170s=
180x
190s
200=
Z10=
220s
230a
240e
230aC
260=
270a
280a
290=
300
310=
320
330~
340
330a
360a
370s=
380~
390«
490=
410w
420»
430=
A4Qn
430w
480w
470s
480w
490=
300=C
S510=
320w
330=
S40=
330=
560
370
380s
390e
600w
610=
620=
630+
640=
650=
660=
670=
680
690
7002

APPENDIX A

PROGRAM BAAPF ( INPUT . GUTPUT)

DIMENSION PWRW(15),PHC(13),PHE(13),BWNGT (1Y)

DIMENSION VEL(12).PV(12),.PV1(12),.ENOBC(12,13)

DIMENSION ACA(12:1%),ACAKH(12,13),ACAC(12,19)

DATA PWC/.5188,.1631,.1074,.0668,,0438,.0295,.0204,.0144,
1.0103, .007%, .0054, .0040,.0030,.0022,.0017/

DATA PWE/.7793,.1022,.0449,.,0243,.0147,.0094,,0064,.004%,
1.0032,.0024,.0018,.0014,,0010,.0008,.0007/

DATA BMET/, %,1.5.2.5.3.%,4.9,5.%.6.5,7.%9,86.5,9.5,10.5»
111.85:12.5:13.59+14.3/

DATA VEL/*110~160","160~210%,%210-260","2680~310%, "310-360%,
1%360-410%,"410-480Y,"4B0~810","510-360","360~610",
1"6810~-660%, "660-710"/

DATA PV1/.0848,.1501,.1980,.2040,.1660,.1080,.0540,,0210,.0060, "
1.0010,0.0:0,0/

HINDSHIELYD AC/A

DATA (ACARN{L+rJ?+J21,18)0/0,4¢0.+0.10:4+9.¢04¢0.:0,.
10-10-)0-’01: rOnrO-'O-/

DATA (ACAK(Z¢J) ¢ J=1:13)/0¢¢0.104¢0.204¢0.+0.:0.,

10.:09 70Ar-g{ialu‘¥39r-456'.‘73/

DATA (ACAN(S3 3 r021,181/0.+0,¢0:/,0.+0.:0.:0.0,.432,
1.489,.4687,.514,.342,1,0:1.0,1,0/

DATA (ACAK(4:,J)»J21,18)/Cer0.¢0Q.¢0.,.184,,448,.488,.529,
lio!lc'io'i.'l-l!o'ln/

DATA (ACAR(3, 1) rJn1+1%)/0.+0.¢0.+.256,.477,.323+1.0,1.0,
1leiterdlenlirlortantle/

DATA (ACARK(E,J)»J=21+18)/0.¢0,,,198,.484,.357,1.0,1.0,1.0,
11-"-'1-?1-11071.'1!/

DATA (ACAK(7:,3):cJ21,15)/04+0.,.461,.35%5,1.0,1.0,1.0,1.0.
| 5 WS W S S TS 'S B4

DATA CACAH(G 1)+ %1 +19)/0.¢0.0,.518,1.r1crlurlerlee
35 ST PP TS TP QR TS I L.

DATR (ACAR(E ) r U=1,13)/70.,.440¢:.0,1.0,1.0:1.0,1.0,1.0 PRI
ltu?lo'lol’ln'lqll.l‘lo/ ———

DATA (ACAH{10,J)-».Juw1,15)/0.,.481,1.0,1.0,1.0,1.,0,1.0,1.0, ;
‘1-11.'1&'!:!3;1’..!1./

DATA (ACAK(11,J) s Ju1,15)/0.,.527:1.0+1.0:1.0¢1.0¢1,0,1.0,
ll.:l.-!.:r!.rl.cl.-l./ _~

DATA (ACARM{1Z,J)+d®1,13)/70.0rl.rlervleriarlirlerlaOr ‘L';
tlerlevdevtaviveleris/ et

CANOPY AC/A o

DATA (ACACC1+4)+J%1,18)/0.+0.¢0.:0.¢,0.¢0.+0.,.,207, .:
1.302,.394, .493,.588, .684,.779, .803/ N

DATA CACAC(Z2,d)¢eJ®1,18)/0.:0.+0.,0.,.298,.477,.656,.802,
1.814,.826..849,.831,.063,.873,.888/

DATA (ACAC(3. ). J=3,18)/0.+,0.,.214,.%03,.792..819,.838,.898,
1.878,.898,.218:.937,.9%97,.977,.997/

DAT“ (ACAC(""J)r-.'clrxs)./o-'049055415812918‘1'o87°'¢899' -929-
1.9%97,.986:1.0,1.0,1.0,1.0,1.0/

DATA {ACAC(3.J),Jdni,13%)/0.».373,.810.,.891,.891,.931,.971,1.0,
11.0/1.0¢3.9:1.0:,1.01.0:1.0/

DATA (ACAC(S'J)-JHLIS)/O.'.855-.843:.BSS-.S!S-I.O-I.O-X.O-
11.0,1.090,14,0,1.0,1,0¢1,00,1.0/ ' S

DATA (ACAC(7.4)+J=1,15)/0,,».812,.879,.947,1.0:,1.0,1.0,1.0, .ot
11.0,1.0,1.0,1,0,1.0,1.0,1.0/ e

DATA (ACAC(8.J) Ju1,18)/0.,.836,.921,1.0:,1.0,1.0,1.0,1.0.,
11.0,1.0:,.,0,1,0:1.0,4.0,1.0/

DATA (ACAC{9:J) ,JU»1,18)/.241,.564,.966,1.0,1.0:1.0,1,0,1.0, A
11.0/1.0,1.6,1.0.1.0,1.0,1.0/

DATA CACAG C10 ) - JU33,19)/.387, .894.1.0,1.0,1.0,1.0,1.0,1,0,
11.0-1.011.0"1.0#1..0"0001-0/ T

Copy availabie to
. DTIC does
permit fully legible xepxoducth:a

134




710=
7209
730=
740=
?50=
760=
770=
7G60=
790=
800=
910=
820s
830
840=
830=
860
870=
880+
890«
900=
910=
920=
430e
940=
950+
980+
970=
980+
990»

1000=

1010
1020+
1030w
1040%
1050s
1060
1070=
1080=
1090
1100=
1110
1120w
1130«
1140w
1150
1160
1170
1180=
1190+
1200w
1210
12204
1230+
1240
1250=
1260
1270
1280=
1290
1300=

1

810

820

830
840

10

20
30

40

-]

70
a0

g0
100

110
120

1010
1020

DATA (ACAC(11.,J),J"1,1%)/.547,.927:1.0+,1.0¢1.0¢1.0:1.90,1.0,
11,0¢1.0+1.0¢1.,0,1.0+1.0,1.,0/

DATA (hCAC(tz.J)'J-l.ls)/.7lq..982.1.0.1.0.1.0.:.0'1.0.1.op
11,004.0¢1.0+1.0+1.0+1.0,1.0/ '

PRINT #»,"WINDSBHIELD OR CANOPY 7?7 *

READ 1010,PART

IF(PART.EQ.“WINDSHIELD")GOTO 8190 N
IF(PQRT.EB.“CﬂNDPY“?GQTQ e3¢0 Ce
PRINT #."PLEASE ENTER 'MINDSHIELD' OR °‘CANOPY’" -l
GOTO '

DO 820 Iw1,12 RO
00 820 J=1.,1H R
ACA{I,J)=ACAN(L,J)

GoTo S

DO 840 I[=1,12

DO 840 J=1.,13

ACAC(I.J)=ACAC(I,d)

PRINT #,"OPERATIONAL IMPACT RATE ( PER 10%#a5 ) = =~

READ »,0IR

PRINT #»,"CONUS OR EURODPE? --- * L
READ 1010.WHERE <
PRINT #,"ENTER FORCE USAGE --- " S
READ #»,FU

IF (WHERE .EQ. "CONUS")@E0T0 20

IF(WHERE .EQ."EUROPE")GOTO 40

PRINT »,"PLEASE ENTER ‘CONUS’ OR ‘ EURQPE‘'"

[qoTo to

DO 30 1=1.13

PH(I)=PWCC(I)

GoTg 990

DO 30 1=1,13 A
PH(I)=PWE(]) et
PRINT #,"ENTER X F~135 =+ e
READ »,.P1L3S
IF(P13.ER.100.)Q0TO 70 .
PRINT #,"NARNING THE MIX DID NOY TOTAL 100%" oy
F1S=p15/100. -
DO 80 I=}1,12

PV(I)=sF139PY1(])

1P18=p18 R
PRINT 1020,WHERE,IP1S.PART.0IR.FU N
PRINT 107.8,BNGT

DO t1~, I=1,12

DO 80 J=1.,13

ENOB(I,J)=QIR®FUSPV(]I)*PN(J)

CONT INUE

PRINT 1030,VEL(I).(ENOB(I,J):Jm1,13)

PRINT 1040 R
PRINT 1023,8NMGT Ve er
8=0 e
PO 120 I=1,12 {:_ﬁ
DO 110 J=1.,18

ENOB(I.J)=ENOB(I,J)®ACA(]I.,J)

B=ENQB(I,J) +B

CONTINUE T
PRINT 1030.VEL(IL),(ENOB(I,J) J=1,15) p;ﬁﬁ
PRINT 1060.,8 s
FORMAT(A10)

FORMAT (1M1,

1 10X,A10,13," F=-135 MIX (",A10,")",




131 0s 2 /7.10X, "0IR 2%,F10.2,% / 10%48 FU = “,F10.4," # 10#e#8",

1320 3 /777:23X%+"EXPECTED NUMBER OF BIRDSTRIKE (UNCORRECTED)")
13302 1023 FORMAT(/,3X."VELOCITY “,23%,"BIRD WEIGHT (LBS)",
1340s= 1 /USXl"(KNOT50 Yy 15F803) »
1350= 1030 FORMAT(/ »3X+A10:15F8. 4)
1380= 1040 FORMAT(////.28X."EXPECTED NUMBER OF BIRDSTRIKES (CORRECTED?")
1370= 1060 FORMAT(/ »25X,»“THE TOTAL EXPECTED NUMBER OF PENETRATIONS = ",F10.4)
1380~ END : .
1390=»E0R
K
RSRSR
SR,
s prvnnine of
S 1
S
oy
e
!
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APPENDIX C

PROGRAM RAAPF (INPUT.OUTPUT)

DIMENSION PW(13),PWC(13?},PHE(13),BHCT(13)

DIMENSION VEL(12).PV(12),PVU1(12),ENOB(12,15)

DIMENBION ACA(1Z.13),ACAKH(12,15),ACAC(12,13)

DATA PMWC/.3149,.1631,.1074, .0868,.0438, .0293, .0204,.0134,
1.0103,.007%,.0054,.0040,,0030,.0022,.0017/

DATA PHE/.7793,.1022, .0449,.0243, .0147, .0094, .0064, .0045,
1.0032,.0024,.0018,,0014,.0010,.0008,.0007/ '
DATA BWGT/.5,1.5:2.5,3.5:4.5,%.5,6.5,7.5.,8.5,9.5,10.5,
111.9,12.5,13.5,14.3/

DATA VEL/*“110-180","180-210%,"210-260", "260-310", "310-360",
1“360-410",*410-460", "460~-510","310-360" » “580~610",
1*810-8680", "660-710"/

DATA PV1/.0948,.1501,.19%0,.2040., .1680,.1080, .0540,.0210,.0060,
1.0010,0.0,0.0/

WINDSHIELD AC/A

DATA (ACAW(L1,J),J=1,18)/0.+,0.:0.¢0./0.:,0.,0.,0."

10- l°. '°I '01 IOQ 'Ol 'O-/

DATA (ACAN(2,J),J=1,18)/0.¢0.+0.+0./,0.,0.:0.,0."

10. l°a '0.! 0258' 0438' .438: -‘73/

DATA (ACANW(3,J)+J"1,18)/0.¢0.¢0.+0.:,0.,0.,0.0,.432,

1-459' .‘87' .5[‘- lS‘Z'an'l.O".O/

DATA (ACAWN(&,J),J=1,18)/0.,0.:0.,0.,.184,.448,.488,.529,
t‘.lio'l.llo'lo'lo"o/

DATA (ACAW(S:J)¢J=1,18)/0.,0.,,0.,.256,.477,.333,1.0.1.0,
1lerderlerlerierlerle/

DATA (ACAMW(E,J),J=$,18)/0,,0.,.198,.484,.557,1.0,1.0:1.0"
“.'1.'1.!1-'1-'1-'1./

DATA (ACAW(7,J)¢J®1,13)/0.,0.+,.461/,.3555,1.0,1.0,1.0,1.0,
“-'!.l‘-'!ollu'lnl!l/

DATA (ACAM(B8:J),J=1,15)/0,:,0.0,.519r0:21urlcrlurl.y
!‘.'i.llo'!.l‘.'l.'lc/

DATA (ACAW(9,J),J=1:15)/0.+.440,1,0/1.0:2.0/,1.0:,1.0-1.0-~
1‘.'1-'1-'1.!1.!‘-".’

DATA (ACAM(10,4),.021,13)/0.+.481,1.0:,1.0,1.0¢,1,0:1.0:1.0.
1S TS S DS S B X XY 4

DATA (ACAWN(11,4)+4%1,18)/0...327,1.0,1.0,1.0,1.0,1.0,%.0,
11--1-:-1--‘.-1.:1.:1./

DATR (ACAM(12,J):J%1,153)/0.0,1.stcrlerlerlerlerl Oy
‘1.'1."-91.'!.'1.!‘./

CANOPY AC/A
DATA (ACAC(1,J),J=1,18)70.+0.+0.+,0.+0.,0.¢0.r.207,
1.302,.390. .493, .588, .6084,.779,.803/

DATA (ACAC(2,J),J"1,15)/0,.:0.,0.:0.,.298..477,.658.,.802.,
1.814,.0828,.839, .851,.883,.973,.888/

DATA (ACAC(3,J).,J=1,18)/0.,0.,.214,.503,.792,.515,.533,.838,
1.878,.898, .918,.937, .937,.877,.997/

DATA (ACAC(4.J).J=1,18)/0.,0.:.354,.812,.641,.870,.899,.928,
1.957,.986,1.0,1.0:,1.0.,1,0,1.0/

DATA (ACAC(S,J),J=1,13)/0,..373,.810..831,.891,.931,.971,1.0,
11.0,1.0,1.0,1,0,1.0,1.0,1.07/

DATA (ACAC(8,J),J21,13)/0.,.833,.843,.988,.949,1.0,1.0.,1.0.
11.0,1.0,1.0,1.0,1.06,1.00,1.0/

DATA (ACAC(7,J),J=1,18)/0.,.812,.879,.947,1.0,1.0,1.0:,1.0,
11.0,1.0,2.0,1.0,1.0,1.0,8.0/

DATA (ACAC(8,J),J=1,15)/0.,.836,.921,1.0,1.0,1.0,1.0:1.0,
11.0,1.0,1.0+,1.0,1.0,1.0,1.0/

DATA (ACAC(9:,J),J=1,13)/.241,.864,.986,1.0,1.0,1.0,1.0,1.0,
11.0,1.0,1.0,1.0,1.,0,1.0,1.0/

DATA (ACAC(10,4),J»1,13)/.387,.894,1.0,1.0,1.0,1.0,1.0,1.0:
11.0,1.0,1.0/1.0:,1.0,5.0:,1.0/




7102 DATA (ACAC(11vJ)rJd=1,15)/.547,.927,1.0+1.0,1.0:1.0,1.0, 1 0.

7/20s= 11.00,1.0,1.0,1.0,1.0,1.0,1.0/"

730= DATA (ACAC(12+J)+J=1,13)/. 719-.962-1.0-1.0:1.0-1.0:1.0.1.0-

740= 11.0,1.0,1.0,1.0,1.0,1.0,1.0/ .

7350= 1 PRINT #,"WINDSHIELD OR CANOPY (W OR C) ? =-*

760= READ 1010.PART

770= IF(PART.EQ."W")GOTO 810 «
780= IF(PART.EQ."C")GATO 830

790= PRINT #."PLEASE ENTER ‘W’ FOR WINDSHIELD OR ‘C’ FOR CANOPY'" ‘
800= GOTO0 ! -
810= 610 DO 820 I=1,12

820« DO 820 J=1.1S

830= 820 ACA(I.J)=ACAK(I1,J)

840= GoTOo 3

850= 830 DO B840 I=1,12

860> DO 840 J=1.,19

870= 840 ACA(I.J)=ACAC(I.J)
880s S PRINT #,"OPERATIONAL IMPACT RATE ( PER 10##6 ) = "

890= READ #,0IR ST
800= 10 PRINT #,"CONUS OR EUROPE? (‘C’ OR ‘E’) ===* BN
910 READ 1010 :WHERE RN
820= IF (WHERE . EQ.“C" .OR.WHERE.EQ."E*) GO TO 15 el
930= PRINT #,"PLEASE ENTER ‘C’ FOR CONUS OR ‘E‘ FOR EUROPE -==" v
940 aoTo 10 -
980> 15 PRINT #,"ENTER FORCE USAGE --- *

960 READ #.FU

970 IF (WHERE .EQ."E"*) GO TO 40

980= 20 DO 30 !=31,13
990= 30 PH(I)=PNC(I)
1000= G0 TO &0
1010= 40 DO S50 I=1.19
1020« S0 PH(I)SPHE(I)
1030= 680 P13=100

10402 IF(P15.EQ.100.)GATO 70

1050= PRINT #, "WARNING THE MIX DID NOT TOTAL 100%*“

1060= 70 F15=P15/100.

1070w DO 80 13,12 R
1080 80 PU(I)sF1SapyL (I Lo
1090s IP13=P1S DA
1100= 00 100 I=1,12 ';C:\‘
1110w D0 90 J=1.,1% N
1120a ENOB(I,J) sQIR#FU*PV(I)#PW(J) e

1130= 90 CONTINUE
1140= 100 CONTINUE

1130~ 8=0
1160= DO 120 1=1.12 EERNEANE
1170= DO 110 J=1.,13

1190= ENOBTI,J)=ENOB(I,J)®ACA(I,J)

1190= B=ENOB(I,J) +B

1200= 110 CONTINUE . ¢

1210 120 CONTINUE

1220s PRINT 1080.8

1230+ 1010 FORMAT(A10)

1240= 1020 FORMAT(1H1,

1230= 1 10X,R10,13:," F-13 MIX (",A10.,")",

1280= 2 /77,10, "0IR =",F10.2," /7 10848 FU = ",F10.4," » 10%#6", T
1270= I3 /7/777:23X . "EXPECTED NUMBER OF BIRDSTRIKE (UNCORRECTED)") : e
1280~ 1023 FORMAT(/.3X,"VELOCITY " ¢23X,"BIRD WEIGHT (LBS)",
1290= 1 /7.,3X."(KNOTS) *.13F8.3)

1300= 1030 FORMAT(/,3X:A10,15F8.4)

1310= 1040 FORMAT(////.28X,"EXPECTED NUHBER OF BIRDSTRIKES (CORRECTED:*)
1320 1080 FORMAT(/.23X,“THE TOTAL EXPECTED NUMBER OF PENETRATIONS = ",F10.4)
1330= END 146
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